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ABSTRACT 


Earthbound  recording  systems  come  in  many  sizes  and  use 
various  mediums  on  which  to  record  the  data.  The  harsh 
environment  of  space,  however,  introduces  some  unique  prob¬ 
lems.  This  limits  the  number  of  choices  not  only  for  the 
type  of  system  but  also  for  the  optimum  recording  medium. 
How  changes  in  temperature,  radiation,  lack  of  air,  etc.  , 
affect  the  performance  of  the  device  as  a  whole  must  all  be 
considered. 

Magnetic  bubble  memory  technology  implemented  in  a  solid 
state  recorder  is  a  possible  solution.  Included  in  this 
thesis  is  a  description  of  the  development  and  history  of 
the  magnetic  bubble  memory,  along  with  a  comparison  to  other 
technologies.  The  design  and  implementation  of  a  digital 
data  recorder  using  off-the-shelf  four-megabit  devices  is 
presented.  A  schematic  of  the  data  recorder  and  software 
used  is  included  in  the  appendices. 
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Space,  the  final  frontier  .  .  .  .  1  For  centuries  space 
has  been  an  unknown  frontier  to  man,  a  frontier  that  has 
been,  and  is  still,  studied  in  great  detail.  Man,  in  his 
quest  for  knowledge,  has  progressed  from  performing  experi¬ 
ments  in  space  with  unmanned  vehicles  to  manned  reusable 
platforms  that  can  remain  in  space  for  days.  With  the  birth 
of  the  Space  Transportation  System  (STS  or  Shuttle),  an 
opportunity  has  been  provided  for  persons  outside  the 
National  Aeronautics  and  Space  Administration  (NASA)  and 
military  organizations  to  send  their  own  experiments  into 
space.  This  opportunity  is  in  the  form  of  a  program  that  is 
known  as  the  Get  Away  Special  Program  or  GAS. 

The  GAS  program  provides  guidelines  for  the  designers  of 
an  experiment.  These  guidelines  include  such  tips  as  the 
recommended  use  of  the  standard  GAS  container  provided  by 
NASA,  electronic  interfaces  to  the  Shuttle  cargo  bay,  safety 
tips,  and  environmental  considerations.  Table  I  provides 
the  conditions  under  which  the  payload  must  perform  [ Ref.  1: 
p.  2]. 

An  experiment  that  will  be  flown  on  the  Shuttle  by 
students  from  the  Naval  Postgraduate  School  (NPS)  is 
designed  to  measure  the  vibro-acoustic  power  levels  that 
occur  in  the  forward  one-third  of  the  STS  cargo  bay  during 
launch.  Acoustic  vibrations  may  cause  widespread  damage  to 
the  electronic  equipment.  Three  microphones  will  be  used  to 
detect  the  acoustic  noise  levels.  The  data  obtained  will  be 
stored  in  a  recorder.  Since  the  required  data  will  be 
produced  during  the  first  two  to  three  minutes  of  launch, 
(the  recorder  will  be  idle  for  the  remainder  of  the  flight), 


1This  quotation  was  taken  from  the  television  series 
"Star  Trek.  * 


TABLE  I 

DESIGN  PARAMETERS 


Altitude  (NM) 
Percent  of  time  in 
earth  s  shadow 
Temperature  (  “C) 
Prelaunch 
Launch 
On-orbit 

Entry/Po  st 1 andi n 
Typical  overall 
Pressure  (  atm) 
Steady-state 

acceleration  (  g) 
Acceleration  in 
maneuvers  (g) 
Random  Vibrations 


5  50 

5  65 

-160  100 

-45  105 

Q  +65  to  -50 

10  9  10  19 


1  ,  0.001 
. 125  g2/Hz 
between  80-1000  Hz 


the  memory  needed  to  record  the  data  must  be  rugged,  reli¬ 
able,  and  non-volatile.  It  must  be  able  to  withstand  the 
impact  of  lift-off  and  the  hazards  of  a  harsh  environment 
such  as  space. 

A  solid  state  magnetic  bubble  memory  data  recorder 
(  SSDR)  has  been  chosen  to  perform  the  task  of  data  storage. 
This  and  all  other  components  of  the  whole  experiment  have 
been  designed  with  the  previous  parameters  as  the  specifica¬ 
tions.  This  thesis  presents  the  development  of  the  magnetic 
bubble  memory  and  its  implementation  as  the  recording  medium 
in  the  solid  state  data  recorder. 


II.  SHEBLE  MEMORY 


Equipment  used  in  experiments  performed  in  space  must  be 
inherently  rugged  in  order  to  withstand  the  severe  environ¬ 
mental  surroundings.  What  may  be  a  successfully  operating 
piece  of  equipment  on  earth  may  have  to  be  upgraded  in 
certain  areas  in  order  to  function  reliably  in  space 
[Ref.  2:  p.  1]  .  The  first  section  of  this  chapter  is 
devoted  to  a  discussion  of  the  performance  of  the  Magnetic 
Bubble  Memory  (MBM)  in  such  a  hazardous  environment.  The 
remaining  section  compares  it  with  other  memory  devices  when 
required  to  function  as  a  data  recorder. 

A.  MAGNETIC  BUBBLE  MEMORY  PERFORMANCE 

In  space,  exposure  to  intense  radiation  and  temperatures 
that  far  exceed  those  experienced  on  earth  are  encountered. 
Studies  have  been  conducted  to  determine  just  how  severe 
these  effects  may  be  on  the  MBM.  These  studies  have  shown 
that  it  is  virtually  unharmed  by  exposure  to  neutrons, 
protons  and  gamma  rays.  Experiments  have  demonstrated  that 
levels  above  1015  neutrons/cm2  do  not  cause  permanent  meas¬ 
urable  changes  in  the  properties  of  the  materials  used 
[ Ref.  3:  p.  2] .  The  MBM  has  also  been  exposed  to  transient 
radiation,  such  as  X-rays.  Even  in  the  absence  of 
shielding,  tests  have  shown  that  failure  occurred  at  a  value 
of  5  x  10s  rads/sec  [Ref.  4:  p.  4847].  This  information  can 
be  put  into  perspective  when  one  considers  the  radiation 
received  by  an  already  "space-born"  system  such  as  the 
Global  Positioning  System(GPS).  It  is  in  an  orbit  in  which 
the  satellites  experience  the  greatest  radiation  dose  to 
date  by  long-lived,  earth-orbiting  systems.  Tests  have 
shown  that  over  a  448-day  period,  the  average  dose  of  radia¬ 
tion  was  404  rads/day  [Ref.  5:  p.  477].  Radiation,  there¬ 
fore,  will  have  very  little  effect  on  the  MBM  module. 


Due  to  the  lack  of  atmosphere  in  space  the  temperature 
range  can  be  extensive.  There  are  two  major  limitations  on 
the  operating  temperature  range  of  the  MBM.  The  first  limi¬ 
tation  is  in  connection  with  the  bias  field.  The  second 
limitation  is  in  connection  with  the  rotating  magnetic 
field.  ( Implementation  of  the  two  fields  is  discussed  in 
Chapter  2.  ) 

The  permeability  of  both  the  bias  field  and  the  thin 
film  of  magnetic  material  on  which  the  bubbles  are  formed  is 
affected  by  varying  temperatures.  The  composition  of  each 
part  changes  in  accordance  with  changes  in  temperature,  and 
thereby  limits  the  operating  temperature  of  the  MBM.  The 
effect  on  the  rotating  magnetic  field  is  such  that,  as 
temperature  decreases,  the  rotating  field  must  increase  in 
order  to  drive  the  bubbles  through  the  medium. 

Two  other  effects  exist  that  may  limit  the  operating 
temperature  range  of  the  MBM.  First,  to  generate  new 
bubbles--i. e. ,  a  write  operation--a  current  pulse,  which 
will  be  explained  in  the  following  chapter,  is  required. 
This  pulse  varies  with  changes  in  temperature.  To  ensure 
proper  generation  of  each  bubble,  the  pulse  must  be  adjusted 
or  else  improper  data  may  be  recorded.  The  second  effect 
occurs  in  a  read  operation.  During  the  read  cycle,  the  data 
is  sent  under  a  type  of  detector  that  senses  the  presence  or 
absence  of  a  bubble.  This  detector  output  changes  with 
temperature.  Since  the  bubbles'  magnetic  permeability  and 
the  detector's  sensing  ability  vary  with  temperature,  the 
operational  temperature  of  the  MBM  is  limited  to  a  fixed 
range  of  values.  Current  MBM  modules  operate  over  a  temper¬ 
ature  range  of  -20°  to  +85°  [Ref.  6:  pp.  83-88]. 

Data  already  recorded  in  the  MBM  can  be  stored  reliably 
over  a  full  range  of  temperature  from  -40°  to  +90°  [Ref.  7: 
p.  3j.  The  largest  temperature  restrictions  imposed  on 
equipment  are  those  encountered  in  the  military.  Many  of 


the  military  applications  require  successful  operation  at 
temperatures  beginning  as  low  as  -55°  C.  Research  is  in 
progress  to  improve  the  operating  temperature  capability  of 
the  MBM  [Ref.  6].  For  the  GAS  experiment,  however,  the 
advertised  operating  temperature  range  of  the  MBM  is  suffi¬ 
cient. 

The  MBM  has  no  mechanical  moving  parts  (see  Chapter  2). 
With  cassette  recorders  that  require  mechanisms  to  turn  the 
recording  medium,  mechanical  breakdown,  corrosion,  and  slip¬ 
ping  due  to  vibration  may  occur.  None  of  these  situations 
which  may  prove  fatal  to  the  mission,  i. e.  loss  of  data, 
will  occur  with  the  MBM. 

B.  COMPARISON  OF  MBM  TO  OTHER  MEMORY  DEVICES 

A  comparison  of  the  MBM  with  other  memories  demonstrates 
further  why  using  it  as  a  data  recorder  in  the  space  envi¬ 
ronment  constitutes  a  practical  choice.  Memories  can  be 
separated  into  two  basic  categories:  semiconductor  and 
magnetic.  Examples  of  the  former  include  ROM,  PROM,  EPROM, 
E2  ROM,  RAM,  and  CCD.  Examples  of  the  latter  include  tape, 
disk,  core  and  MBM.  The  semiconductor  group  uses  voltage, 
charge  or  current  levels  to  represent  data.  The  magnetic 
group  uses  variation  in  magnetic  flux  [ Ref.  8:  p.  8] . 

The  individual  features  of  each  memory  should  be  consid¬ 
ered  in  choosing  an  appropriate  device;  using  one  in  space 
adds  even  more  constraints  to  the  selection  process.  Some 
required  features,  besides  radiation  hardness  and  temperaure 
range,  are  versatility,  non-volatility,  reliability,  small 
size,  low  power  consumption  and,  finally,  cost. 

When  versatility  is  considered,  some  of  the  aforemen¬ 
tioned  memory  devices  can  be  eliminated.  The  PROM  (program¬ 
mable  ROM)  and  EPROM  (erasable  programmable  ROM)  must  be 
programmed  by  the  user  outside  the  circuit.  While  the  PROM 
can  be  programmed  only  once,  the  EPROM  has  the  capability  of 
being  programmed  numerous  times.  In  order  to  accomplish 


this,  however,  it  must  be  removed  from  the  circuit  and 
exposed  to  ultraviolet  light.  As  a  result,  using  either  as 
a  recording  medium  would  be  impractical. 

The  electronically  erasable  ROM,  E2  ROM,  can  be  changed 
right  in  the  circuit.  Any  byte  can  be  erased  in  approxi¬ 
mately  9ms  ( Intel  E2  ROM  2816A)  without  affecting  the  data 
in  any  other  location.  The  entire  memory  can  be  erased  in 
9ms  also  [Ref.  9:  p.  5—831 .  The  available  chip  sizes, 
however,  do  not  compare  to  the  amount  that  can  be  stored  in 
one  1  Mbit  MBM  module  or  the  4  Mbit  device.  The  E2  ROM 
functions  best  as  a  read  only  memory  suited  for  storing 
fixed  programs,  logic  functions  or  code  converters  with  the 
added  capability  of  remote  firmware  update  of  program  code 
and  dynamic  parameter  storage  (Ref.  9:  p.  5-10]. 

Other  memories  can  be  eliminated  when  non-volatility  is 
considered.  If  a  memory  is  non-volatile,  it  has  the  ability 
to  retain  already  stored  data  should  a  power  failure  occur. 
The  semiconductor  RAM  (random  access  memory)  is  a  volatile 
memory.  Data  recorded  prior  to  a  power  failure  would  be 
lost. 

The  CCD,  or  charge-coupled  device,  was  developed  in  an 
effort  to  find  a  semiconductor  equivalent  to  the  MBM.  It  is 
dynamic,  and  data  must  be  internally  shifted  at  a  minimum 
rate  or  else  electrons  can  be  thermally  generated,  thereby 
modifying  existing  stored  data  [Ref.  8:  p.  313].  Unless 
batteries  are  used  to  keep  the  RAM  and  CCD  memories  powered 
up  in  a  stand-by  mode,  the  data  would  be  lost.  The  length 
of  time  the  stand-by  power  is  required  rests  on  the  mission 
of  the  Shuttle  and  the  time  it  would  take  to  return  the 
experiment  to  the  NPS.  Adding  stand-by  power  adds  batteries 
and,  consequently,  adds  to  the  weight  and  space  situation 
inside  the  GAS  cannister. 

Tape  recorders  are  frequently  used  because  of  their 
small  size,  comparatively  low  cost,  and  large  data  storage 


capability  that  permits  parallel  storage  of  data  on  several 
channels.  The  tape,  however,  can  be  damaged  should  it  be 
stretched  or  knocked  off  its  tracks  during  launch.  Tape 
also  requires  a  very  thin  layer  of  air  between  itself  and 
the  recording  heads.  Finally,  the  moving  parts  aid  in 
decreasing  the  overall  reliability. 

Magnetic  disks  and  drums  pose  problems  that  are  similar 
to  the  tape  recorder's.  Once  again  moving  parts  decrease 
the  reliability.  Another  limiting  factor  is  the  amount  of 
space  available  inside  the  GAS  canister.  Disks  and  drums 
require  a  great  deal  of  space  which  leaves  less  room  for 
other  essential  equipment. 

Core  memory  has  been  around  for  many  years.  It  is  non¬ 
volatile  and  reliable,  but  size  and  power  constraints  limit 
its  use  as  a  piece  of  space  equipment.  In  a  self-contained 
experiment  such  as  this  one,  power  is  critical.  It  is 
desirable  to  have  nominal  power  consumption.  As  the  amount 
of  data  to  be  stored  increases,  so  does  the  power  consump¬ 
tion,  size,  and  cost  of  the  core  memory--to  a  much  larger 
degree  than  with  other  memories.  Should  the  design  of  this 
recorder  be  such  that  all  of  the  MBM  cards  be  turned  on  at 
once,  it  too  would  require  a  great  deal  of  power.  However 
power  switching  becomes  a  viable  option  when  implementing 
the  recorder  with  the  MBM.  Thus,  the  only  active  MBM  card 
needs  to  be  the  one  currently  in  use,  thereby  conserving  a 
great  deal  of  power. 

The  preceding  discussion  of  the  MBM's  ability  to  with¬ 
stand  conditions  in  space,  and  the  comparison  with  other 
memory  devices,  helps  to  show  why--in  addition  to  its  being 
versatile  and  non-volati le-- the  MBM  is  the  best  device  for 
the  GAS  experiment.  Even  though  there  is  shielding  around 
the  device  to  protect  against  radiation,  choosing  a  device 
that  is  inherently  unaffected  by  radiation  provides  an  added 
element  of  reliability.  Although  the  operating  temperature 


range  of  the  MBM  is  not  as  extensive  as  would  be  required  in 
several  military  applications,  it  is  adequate  for  the 
purposes  of  the  experiment.  The  MBM  is  reliable  because  it 
has  no  mechanical  parts  that  move.  The  specific  device 
chosen  for  the  GAS  experiment  is  the  Intel  Corporation 
Magnetic  Bubble  Memory  7114. 
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The  MBM  has  been  in  existence  for  approximately  twenty 
years.  After  its  introduction  by  Andrew  Bobeck--an  employee 
of  Bell  Labs--many  companies  became  involved  in  the  study 
and  manufacture  of  bubble  memory  devices.  They  soon  discov¬ 
ered,  however,  that  the  MBM  required  complicated  control 
circuitry.  It  was  also  difficult  to  interface  with  existing 
hardware.  As  a  result,  the  decision  to  discontinue  produc¬ 
tion  of  the  MBM  was  not  long  in  coming  [Ref.  10:  pp.  30-32] . 
The  two  major  manufacturers  remaining  are  Intel  Corporation 
and  Hitachi. 

A  study  of  the  technology  used  in  producing  and  manipu¬ 
lating  "bubbles"  is  important  for  a  better  understanding  of 
the  MBM's  overall  operation  and  its  use  in  the  SSDR.  This 
chapter  is  devoted  to  an  explanation  of  this  technology, 
while  Chapter  3  explains  how  the  support  chips  of  the  MBM 
function.  Before  beginning  this  chapter,  however,  it  is 
important  to  point  out  that  all  figures  in  this  chapter  and 
the  following  chapter  represent  the  1  Mbit  bubble  device. 
The  GAS  experiment  is  using  the  4  Mbit  device.  However,  the 
basic  operation  is  the  same.  Intel’s  4  Mbit  device  "uses 
the  same  architecture  as  the  1  Mbit  device.  It  has  8  iden¬ 
tical  sections  instead  of  4  and  each  section  is  enlarged  to 
store  double  the  number  of  bubbles.  The  result  is  a  four¬ 
fold  increase  in  capacity"  [Ref.  9:  p.  6-227]. 

The  bubble  chip  of  Intel  Corporation's  7114  MBM  begins 
with  the  formation  of  a  nonmagnetic  garnet  wafer  on  top  of 
which  a  thin  ferromagnetic  film  is  deposited. 
Ferromagnetism  causes  the  atoms  of  a  material  to  align  with 
parallel  magnetic  orientations.  If  the  material  is  thick 
enough,  the  orientation  of  the  groups  of  atoms,  or  domains 
as  they  are  called,  occurs  in  three  dimensions.  In  the  case 


of  the  MBM,  however,  the  film  is  very  thin — in  practice  less 
than  1/1000  inch  thick.  This  thinness  restricts  the  domains 
to  two  directions,  one  perpendicular  to  the  substrate,  the 
other  parallel.  Unless  a  magnetic  field  is  present,  these 
domains  have  a  snakelike  shape.  As  a  magnetic  field  perpen¬ 
dicular  to  the  film  is  applied,  the  snakelike  structures 
begin  to  shrink.  The  field  is  then  increased  to  a  point 
where  the  domains  have  a  cylindrical  appearance  with  a 
three-  micrometer  diameter.  These  domains,  when  observed 
through  a  microscope,  look  like  a  circle  or  "bubble"--f rom 
which  the  name  Magnetic  Bubble  Memory  is  derived  ( see  Figure 
3.1).  The  presence  of  a  bubble  is  a  binary  1;  the  absence, 
a  0  f  Ref.  9:  p.  6-3]  . 
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Figure  3.  1  Magnetic  Domains  Under  Magnetic  Bias  Field. 


The  fixed  field  that  maintains  the  shape  and  stability 
of  the  bubbles  is  known  as  the  bias  field.  This  bias  field 
is  produced  by  two  permanent  magnets  positioned  on  each  side 


of  the  MBM  substrate.  They  remain  unaffected  by  any  type  of 
power  fluctuation.  As  a  result,  the  integrity  of  the  data 
that  the  bubbles  represent  is  maintained,  making  the  MBM  a 
non-volatile  memory  device  [Ref.  9:  p.  6-4]. 

The  MBM  does  not  operate  by  moving  the  recording  medium 
as  is  the  case  with  the  tape  in  a  tape  recorder  or  disks  in 
a  disk  drive.  In  the  MBM,  the  data  is  moved  under  the 
influence  of  a  rotating  magnetic  field.  The  rotating  field 
is  generated  by  sending  current  through  two  coils  which  are 
wrapped  perpendicular  to  one  another  around  the  substrate. 
Figure  3.2  shows  how  the  different  parts  are  assembled  to 
produce  the  MBM  module. 
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Figure  3.  2  Magnetic  Bubble  Unit  Assembly. 
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There  is  one  more  important  feature  that  aids  in  the 
movement  of  the  bubbles  from  one  location  to  another.  In 
order  to  control  the  direction  of  movement,  a  magnetic  field 
gradient  must  be  present.  A  magnetic  film  is  deposited  on 
top  of  the  bubble  substrate  in  the  form  of  a  number  of 
paths.  These  paths  have  the  shape  of  asymmetrical  chevrons. 
Being  asymmetrical,  one  side  of  the  chevron  has  more  energy 
than  the  other.  The  bubble  will  propagate  toward  the 
smaller  side  in  the  presence  of  the  drive  field  ( see  Figure 
3.3).  The  chevrons,  in  conjunction  with  the  rotating 
magnetic  field,  provide  the  capability  to  move  data  from  one 
location  to  another  without  moving  the  medium  on  which  the 
data  is  stored.  [Ref.  9:  pp.  6-4  -  6-6]. 

The  memory  itself  is  designed  in  a  block  replicate 
architecture.  The  fundamental  idea  in  this  type  of  design 
is  that  the  data  is  written  in  or  read  out  in  parallel  from 
an  input  or  output  track,  see  Figure  3.4  (From  the  figure, 
note  that  there  is  a  difference  between  the  input  and  output 
tracks.  The  difference  will  be  explained  later  in  this 
chapter.  ) 

The  block- replicate  architecture  consists  of  a  specified 
number  of  storage  loops.  An  MBM  has  320  loops,  48  of  which 
are  spares.  An  extra  loop,  called  the  bootloop,  is  used  to 
keep  track  of  the  active  loops  and  the  spares.  All  320 
loops  are  divided  into  four  groups  or  quads.  This  helps  to 
shorten  the  read  and  write  cycle  times. 

The  quads  are  reduced  even  further  to  odd  and  even 
loops.  The  even  loops  store  the  even-numbered  bits. 
Likewise,  the  odd  loops  store  the  odd-numbered  bits.  When  a 
read  operation  is  performed,  the  bits  are  interleaved  back 
into  the  original  order  in  which  they  were  received  and  sent 
out  serially  on  the  output  track.  A  write  operation  does 
not  require  this  interleaving  process,  for  it  is  a  write 
operation  that  initially  separates  the  bits  to  the  odd  and 
even  loops. 
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Figure  3. 3  Movement  of  Bubbles  Under  Chevrons. 


The  input  and  output  tracks  are  serial  devices.  A 
distinction  exists  between  the  two  tracks  because  they 
perform  completely  different  tasks.  The  input  track 
performs  a  swapping  function;  the  output  track  performs  a 
replication  function. 

To  better  explain  each  process,  bubble  generation  must 
first  be  understood.  A  seed  bubble  is  always  present  at  one 
end  of  the  input  track  and  is  initially  generated  by  an 
electric  current  pulse  which  splits  a  hairpin  loop  of 
conductive  material.  Because  of  the  interaction  between  the 
drive  field,  bias  field,  and  conductive  material  (permalloy 
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Figure  3.4  Organization  of  Bubble  Memory  (One-Half  Chip). 

patch,  see  Figure  3.5),  this  bubble  maintains  a  kidneylike 
shape.  Once  created,  it  remains  in  existence  for  as  long  as 
the  bias  field  does.  When  a  binary  1  is  to  be  generated, 
the  seed  bubble  is  split  in  two  by  the  current  pulse.  One 
of  the  halves  remains  under  the  permalloy  patch  as  the  seed; 
the  other  is  driven  to  the  input  track  via  the  rotating 
field.  To  store  a  binary  0,  the  pulse  is  omitted. 

As  stated,  the  input  track  performs  a  swapping  function. 
Once  the  bubble  is  generated  and  travels  down  the  input 
track  to  the  specific  loop  on  which  it  is  to  be  stored, 
another  current  pulse  is  generated.  This  pulse  causes  the 
new  data  to  "swap"  places  with  the  old  data  on  the  storage 
loop,  and  the  old  data  is  destroyed. 
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Figure  3.5  Seed  Bubble  and  Bubble  Generation. 

The  bubbles  are  replicated  when  a  read  operation  is 
performed.  Each  bubble  on  a  storage  loop  acts  essentially 
as  its  own  seed  bubble.  The  bubble  is  transferred  under  a 
large  element,  where  it  is  stretched  out.  A  current  pulse 
cuts  the  bubble  in  two,  leaving  one  half  to  remain  in  memory 
and  the  other  half  to  be  read  as  output.  These  new  bubbles 
travel  down  the  output  track  serially  through  a  bubble 
detector.  Detection  is  accomplished  by  passing  the  bubble 
under  a  "bridge"  of  magnetoresistive  material.  When  a 
bubble  passes  under  the  bridge,  the  resistance  changes  and 
slightly  modulates  the  current  through  the  bridge.  This 
fluctuation  is  then  translated  to  a  one  or  a  zero.  After 
detection,  the  output  bubbles  are  destroyed  (see  Figure  3.6) 
[  Ref.  9:  pp.  6-7  -  6-10]  . 


As  can  be  seen,  an  intricate  design  is  used  in  the 
making  of  a  magnetic  memory  module.  Additionally,  the  MBM 
is  never  "spoken  to"  directly  by  the  microprocessor.  A 
group  of  support  chips  is  used  for  communication  between  the 
two,  and  this  is  the  topic  of  discussion  in  Chapter  3. 


A  difficult  obstacle  to  overcome  in  the  introduction  of 
the  MBM  into  the  commercial  market  was  interfacing  it  with 
existing  hardware.  Initially,  the  support  chips  required  by 
the  MBM  were  purchased  separately.  In  the  past  few  years, 
however,  Intel  has  introduced  a  package  consisting  of  the 
MEM  and  its  requisite  support  chips.  These  chips  are: 


1.  7244  Formatter/Sense  Amplifier  (FSA), 

2.  7234  Current  Pulse  Generator  (CPG), 

3.  7250  Coil  Predriver  (CPD), 

4.  7224  MBM  Controller  (BMC). 

The  BMC,  in  conjunction  with  the  FSA,  CPG,  and  CPD, 
carry  out  all  communication  with  the  MBM.  Figure  4. 1  shows 
how  the  chips  interface  with  one  another. 

The  FSA  is  a  dual  formatter/sense  amplifier  that 
contains  on-chip  sense  amplifiers,  a  full  FIFO  data  block 
buffer,  and  error-detection  and  correction  circuits.  As 
explained  in  Chapter  2,  the  bubbles  are  sent  under  a  magne¬ 
toresistive  bridge  during  a  read  operation.  If  a  bubble  is 
detected,  the  resistance  of  the  bridge  changes.  This  is  the 
signal  that  a  bubble  or  a  one  is  present.  The  sense  ampli¬ 
fiers  in  the  FSA  perform  a  sample-and-hold  function  on  this 
input  signal  thereby,  producing  a  digital  one  or  zero. 

The  FSA  then  formats  the  data  in  the  following  manner. 
As  explained  in  Chapter  2,  each  MBM  has  an  extra  loop  that 
is  known  as  the  bootloop.  This  extra  loop  contains  the 
information  pertaining  to  all  the  active  and  inactive  loops 
in  the  bubble  module.  When  the  FSA  receives  an  incoming 
data  bit,  it  confirms  that  it  is  from  an  active  loop  within 
the  MBM  by  referring  to  the  bootloop  register.  If  the  bit 
is  from  an  active  loop,  it  is  stored  in  the  FIFO  buffer.  If 
it  is  from  an  inactive  loop,  it  is  ignored.  The  FIFO  in  the 
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Figure  4.  1  System  Block  Diagram. 

FSA  is  a  serial,  first-in-first-out  buffer  that  can  hold  256 
bits  of  data  (272  without  error  correction).  The  data  is 
then  sent  to  the  BMC.  In  the  write  operation,  the  FSA 
enables  the  current  pulses  of  the  CPG  that  cause  the  bubbles 
to  be  generated. 

Various  current  pulses  are  used  to  generate  a  bubble  as 
well  as  to  replicate  one.  The  CPG  performs  this  function. 
The  CPG  also  converts  digital  timing  signals  to  analog 
current  pulses  suited  to  drive  the  MBM. 

The  CPD,  along  with  the  two  drive  transistors  ( see 
Figure  4.1),  supply  the  drive  currents  for  the  rotating 
magnetic  field.  Four  signals  (positive  and  negative  X  and  Y 
waveforms)  are  sent  to  the  CPD  from  the  MBM  Controller.  The 
appropriate  durations  and  phases  must  be  maintained  in  order 


to  control  the  rotating  field  that  moves  the  bubbles  ( see 
Figure  4.2)  [Ref.  9:  pp.  6-11  -  6-12). 


Figure  4.  2  CPD  Logic  Diagram. 

The  heart  of  the  system  is  the  MBM  Controller  (BMC).  It 
is  the  interface  between  the  memory  module  and  its  host. 
The  Controller  provides  all  required  timing  signals.  It 
converts  the  serial  data  from  the  FSA  FIFO  to  parallel  data 
and,  conversely,  changes  parallel  data  to  serial.  Figure 
4. 3  shows  the  ten  functional  blocks  of  the  Controller.  A 
brief  discussion  is  given  for  each  of  these  functional 
blocks.  The  reader  is  referred  to  [Ref.  9]  for  a  more 
detailed  account. 

The  Power  Fail  and  Reset  (Block  1)  is  self-explanatory. 
When  activated,  the  Controller  resets  the  bubble  system  in 
an  orderly  manner. 
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The  Sequencer  (Block  2)  encompasses  the  WAIT,  DET. ON 
and  ERR.  FLG  commands.  A  step-by-step  procedure  must  b 
followed  by  the  BMC  when  one  of  these  commands  is  given 
Within  the  Sequencer  is  an  internal  ROM  that  contains  th 
pre-programmed  instructions  used  to  implement  the  variou 
commands.  Once  a  command  is  given  and  decoded,  th 
Sequencer  steps  through  the  instructions  pertaining  to  tha 


m 
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this  information  is  done  on  the  8-bit  data  bus  with  bit  four 


set  to  zero.  Figure  4. 4  lists  the  six  registers  that  must 
be  addressed.  The  4  Mbit  Controller,  7224,  does  not  make 
use  of  the  Utility  Register  (UR).  The  Block  Length  Register 
( BLR)determines  the  system  page  size  and  the  number  of  pages 
to  be  transferred.  The  Address  Register  (AR)  defines  the 
page  on  which  the  transfer  of  data  is  to  start.  The  Enable 
Register  (ER)  defines  the  modes  under  which  the  transfer 
will  take  place,  i. e. ,  interrupt,  polled,  or  DMA.  In  Figure 
4. 5,  note  the  BLR  and  AR  require  two  eight-bit  codes,  one 
pertaining  to  the  most  significant  bits,  the  other  to  the 
least  significant  bits.  Eleven  of  the  bits  available  in  the 
BLR  hold  the  value  for  the  number  of  pages  to  be  transferred 
and  provide  the  user  with  the  possibility  of  transferring 
from  1  to  2048  pages.  If  more  than  one  MBM  is  connected  in 
parallel,  the  width  of  a  page  can  be  increased,  i.  e.  ,  64, 
128,  256,  512,  etc.  The  four  most  significant  bit  positions 
hold  this  information.  The  four  most  significant  bits  of 
the  AR  are  used  in  conjunction  with  the  BLR  to  control  the 
serial  selection  of  bubble  memories  or  a  group  of  memories. 
The  remaining  eleven  define  on  which  page  the  transfer  is  to 
start  [  Ref.  7:  pp.  7-10]  . 

When  data  bit  four  is  a  one,  the  information  is  decoded 
as  a  command.  There  are  sixteen  commands  used  by  the  BMC, 
(See  Figure  4.6)  The  four  most  common  commands  are  ABORT, 
INITIALIZE,  READ  BUBBLE  DATA,  and  WRITE  BUBBLE  DATA.  Those 
commands  pertaining  to  the  bootloop  are  used  only  for  diag¬ 
nostic  purposes.  The  remaining  commands  provide  other 
options  available  to  the  user  and  are  described  in  [Ref.  9], 

Information  about  data  manipulation,  such  as  page  size, 
mode  of  operation,  pages  being  transferred,  etc.  ,  is  stored 
in  the  parametric  registers.  The  AO  line  is  held  high 
during  the  programming  of  these  registers.  Once  all  of  the 
required  information  has  been  passed,  the  AO  line  goes  low 
and  the  BMC  is  ready  to  transfer  data. 
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Figure  4. 4  Six  Parametric  Registers. 

Block  4,  FSA  Select  Logic,  contains  the  logic  that 
controls  all  communication  between  the  BMC  and  the  FSA.  As 
mentioned,  the  serial  FIFO  of  the  FSA  receives  information 
from  and  sends  information  to  the  FIFO  of  the  BMC.  The 
timing  of  this  transfer  is  an  important  factor  and  is 
controlled  internally  by  the  FSA  Logic  Block. 

The  FIFO  (Block  5)  has  the  important  function  of 
settling  timing  differences  between  both  the  host  interface 


and  the  BMC  and  between  the  FSA  and  the  BMC. 


The  FIFO  is 


dual  ported,  i.  e. ,  it  can  be  written  into  and  read  from 
simultaneously.  The  maximum  amount  of  information  it  can 
hold  at  any  one  time  is  40  bytes.  While  the  BMC  is 
executing  a  command,  it  functions  as  a  data  buffer. 
However,  when  the  BMC  has  completed  transfer  of  all 
commands,  the  FIFO  performs  as  a  general-purpose  FIFO.  As 
shown  in  Figure  4.  4,  the  FIFO  is  automatically  addressed 
after  the  last  of  the  six  parametric  registers  has  been 
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Figure  4.5  Parametric  Register  Organization. 

written  to,  thereby  signalling  that  the  BMC  is  ready  for  a 
data  transfer. 

Block  6  is  concerned  with  the  type  of  transfer  to  be 
used  in  recording  data.  The  MBM  can  operate  under  three 
different  modes: 

1.  Polled, 

2.  Interrupt  driven, 

3.  Direct  Memory  Access  (DMA). 

Polled  Transfer  is  the  easiest  mode  to  implement  with 
the  MBM.  It  is,  however,  the  most  time  consuming  in  rela¬ 
tion  to  microprocessor  overhead.  Interrupt  driven  transfer 
requires  less  microprocessor  overhead.  This  mode  also 
permits  transfer  of  data  in  blocks  of  information.  The  DMA 
mode  is  the  one  that  will  be  used  in  the  NPS  GAS  experiment. 
There  is  no  microprocessor  overhead  in  a  DMA  transfer,  and 
it  is  the  fastest  mode  in  transferring  data  to  the  MBM.  The 
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Figure  4.  6  Commands  Used  by  Bubble  Memory  Controller. 

BMC  operates  in  a  standard  two-way  handshake  protocol, 
utilizing  the  DRQ  and  DACK  lines  found  in  Block  6  (  see 
Figure  4.  3  ) . 

The  Bubble  Signal  Decoder  (Block  7)  contains  all  the 
logic  needed  for  generating  all  MBM  timing  signals.  It  is 
comprised  of  a  three-stage  counter,  a  decoder,  and  synchro¬ 
nous  latches.  The  first  stage  of  the  counter  is  a  divide- 
by-four  counter.  The  second  stage,  a  divide-by- twenty 
counter,  produces  the  field  rotation  frequency.  For 
example,  since  BMC  requires  a  4  MHz  clock,  the  output  of  the 
first  stage  is  at  1  MHz,  while  the  output  of  the  second 
stage  is  at  a  50  kHz  rate.  Any  of  the  clock  edges  that 
occur  during  one  complete  cycle  can  be  used  to  set  and  reset 
MBM  signal  latches.  The  TM.  A  and  TM.  B  latches  go  to  the  CPG 
and  determine  the  pulse  widths  for  the  generation  and  repli¬ 
cation  of  bubbles. 


Block  8,  MBM  Addressing  Logic  and  RAM,  contains  two  more 
user-accessible  registers,  an  adder,  and  the  MBM  address 
RAM.  This  RAM  stores  the  next-available  logical  page 
address  for  each  MBM. 

Finally,  the  DI/O  Bootloop  Decoder/Encoder  (Block  10) 
performs  parallel  -to-serial  and  serial-to  -parallel  conver¬ 
sions  between  the  FIFO  data  and  the  serial  bit  stream  on  the 
DI/0  line.  The  BUSRD  signal,  also  generated  here,  is  a 
signal  used  to  indicate  the  direction  of  the  data  transfer. 
The  third  function  of  this  block  contains  the  circuitry  that 
decodes  the  bootloop  data  during  a  READ  BOOTLOOP  operation 
and  encodes  it  during  a  WRITE  BOOTLOOP  operation  [Ref.  11: 

pp.  20-21]. 

As  is  apparent,  interfacing  the  MBM  module  to  its  host 
is  an  involved  task.  Timing  is  of  great  importance. 
Generation  of  pulses  and  rotating  current  fields  must  be 
accomplished.  And,  finally,  circuitry  is  needed  to  trans¬ 
form  digital  data  to  magnetic,  and  vice  versa.  The  current 
state  of  the  art  in  bubble  memories  solves  most  of  these 
problems  for  the  user.  The  greatest  obstacle  is  found  in 
producing  correctly  coded  software. 


V.  DESIGN  QE  THE  S.9PR 


Before  attempting  to  design  the  solid  state  data 
recorder  for  the  NPS  experiment,  a  prototype  was  built  using 
the  1  Mbit  MBM  device.  This  made  it  possible  to  become 
familiar  with  both  the  hardware  and  the  software  of  the  MBM. 
The  main  goal  was  to  prove  the  concept  that  the  MBM  could  be 
used  as  a  viable  recording  medium.  The  first  section  of 
this  chapter  briefly  describes  the  design  and  programming  of 
the  1  Mbit  device  as  a  mini  recorder.  The  second  section 
describes  the  12  Mbyte  data  recorder  used  in  the  GAS  experi¬ 
ment.  The  third  section  addresses  the  limitation  and 
possible  alternatives  to  this  design. 

A.  PROTOTYPE 

Before  incorporating  an  MBM  into  a  system  it  is  neces¬ 
sary  to  choose  the  mode  of  operation,  ( i. e. ,  Polled, 
Interrupt  driven,  or  Direct  Memory  Access),  the  level  of 
complexity,  and  flexibility  required  for  the  software 
drivers. 

Since  the  prototype's  function  was  to  sample  a  sine  wave 
of  1000  Hz  frequency  or  less  from  only  one  channel,  the 
Polled  Mode  (PM)  was  chosen.  Sampling  at  the  Nyquist 
frequency  and  using  only  one  channel,  provided  ample  time  to 
perform  all  the  operations  needed  when  using  the  MBM. 
(Note:  By  increasing  any  part  of  the  system,  i. e. ,  bubble 
memories,  channels,  etc. ,  a  faster  mode  would  have  to  be 
chosen,  which  would  result  in  improved  performance. ) 

The  complexity  of  the  software  was  kept  to  a  minimum, 
therefore  flexibility  was  restricted.  The  reasons  for 
designing  a  prototype  were  threefold: 

1.  gain  familiarity  with  the  MBM  and  its  compontents, 

2.  prove  it  could  record  and  play  back  accurately. 
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3.  increase  the  design  to  the  size  required  for  the  GAS 
experiment. 

The  basic  operation  for  the  1  Mbit  device  is  to  sample 
the  waveform  through  an  analog- to-digital  converter  (A/D), 
store  the  data  in  the  MBM,  upon  command,  play  back  recorded 
waveforms  through  a  digital- to-analog  converter  (D/A).  The 
major  components  used  to  perform  the  three  operations  are 
the  Analog  Devices'  A-D  570,  Intel's  1  Mbit  7110  MBM,  and 
National  Semiconductor's  DAC0800  D-A. 

A  dual  trace  oscilloscope  was  used  to  compare  the  accu¬ 
racy  of  the  recorded  waveform  to  that  of  the  one  being 
played  back  from  the  memory.  A  signal  generator  provided 
the  signal. 

In  the  Polled  Mode,  blocks  of  data  can  be  transferred 
into  the  MBM  as  long  as  the  parametric  registers  in  the  BMC 
have  been  programmed  accordingly.  The  DRQ  line  from  the  BMC 
signaled  the  microprocessor  that  the  MBM  was  ready  for  a 
data  transfer. 

As  explained  in  Chapter  4,  the  MBM  is  written  to  in 
pages,  each  page  containing  64  bytes  (68  bytes  without  error 
checking).  The  total  amount  of  pages  recorded  at  one  time 
is  established  under  software  control.  The  initial  draft  of 
this  software  transferred  one  page  at  a  time.  Two  temporary 
storage  areas,  each  64  bytes  in  size,  were  reserved  in  RAM. 
As  one  area  was  filling  with  data  samples,  the  other  area 
was  being  sent  to  the  bubble.  Timing  was  found  to  be 
extremely  critical.  After  the  recorder  worked  successfully 
for  one  page,  the  number  of  pages  was  increased  until  the 
record  process  failed.  The  maximum  number  of  pages  success¬ 
fully  transferred  was  found  to  be  270  at  a  sampling  rate  of 
2  kHz. 

Power  failure  is  a  concern  in  any  system  design. 
Writing  the  software  so  that  data  transfers  of  one-page  are 
performed,  ensures  that  the  minimum  amount  of  data  will  be 
lost.  Whatever  has  been  stored  in  the  MBM  will  remain 
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intact,  but  whatever  has  been  stored  in  RAM  will  be  lost. 
As  a  consequence,  storing  a  greater  number  of  pages  in  RAM 
results  in  a  greater  data  loss. 

Recalling  that  communication  is  not  carried  out  directly 
with  the  MBM,  interfacing  it  with  the  host  microprocessor, 
requires  that  specific  procedures  be-  followed  before  any 
data  transfer  can  take  place.  In  order  for  the  BMC  to 
prepare  itself  for  any  further  instructions,  it  must  receive 
an  ABORT  command,  followed  by  an  INITIALIZE  ( INIT)  command. 
Once  these  commands  are  accomplished,  the  BMC's  parametric 
registers  are  loaded  in  preparation  for  the  upcoming  data 
transfer.  The  eight-bit  command/status  port  can  be  polled 
to  determine  whether  a  successful  operation  has  been 
performed.  If  the  operation  has  failed,  the  OP-FAIL  bit 
will  be  set;  if  it  has  succeded,  the  OP-COMPLETE  bit  is  set. 

Initializing  the  BMC  before  writing  the  parametric 
registers  sets  the  BMC  to  a  known  state.  This  command 
results  in  resetting  the  support  components,  placing  the 
bubble  at  page  zero,  and  enabling  the  error  correction.  If 
the  start  of  a  record  process  is  designed  to  start  at  a  page 
other  than  page  zero,  then  the  desired  page  address  must  be 
reflected  in  the  information  supplied  to  the  address 
register  of  the  parametric  registers.  The  block  length 
register  must  be  programmed  with  the  number  of  channels  to 
be  used  and  the  number  of  pages  to  be  transferred. 

The  software  program  of  the  prototype  made  available  to 
the  user  a  menu  which  displayed  a  number  of  options  to 
choose  from.  These  options  included: 

1.  Setting  the  sample  rate, 

2.  Sampling  without  recording, 

3.  Record, 

4.  Playback, 

5.  Initialize  the  bubble. 
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Upon  selection  of  an  option,  the  program  immediately 
executed  it.  Option  5  had  to  always  be  performed  first. 

Additionally,  the  same  sample  rate  chosen  for  RECORD  had  to 
be  used  for  PLAYBACK.  Option  2  was  used  primarily  to  estab¬ 
lish  the  successful  operation  of  the  A/D  and  D/A. 

Tests  were  performed  on  the  1  Mbit  device.  These  tests 
included  turning  off  power,  changing  the  frequency  of  the 
sampled  waveform  while  recording,  changing  the  waveform 
itself  while  recording,  and  attaching  a  microphone/speaker 
arrangement  in  order  to  record  a  signal  other  than  a  pure 
sine  wave.  In  all  cases,  the  MBM  performed  successfully. 

It  did  not  lose  data  when  power  was  removed.  It  followed 
the  changes  in  frequency  and  waveform  with  only  a  small 
phase  shift  due  to  the  time  delay.  There  was,  however, 
distortion  in  the  sound  recording.  This  was  due  in  part  to 
the  low  sample  rate  and  to  the  quality  of  the  microphone  and 
speaker  being  used. 

B.  SOLID  STATE  DATA  RECORDER  ( SSDR) 

The  final  design  of  the  SSDR  has  the  capability  to  store 
twelve  mega-bytes  ( twenty- four  four-megabit  prototype  MBM 
cards)  of  data.  The  8085  microprocessor  is  at  the  heart  of 
the  system.  A  basic  block  diagram--a  "generic"  data  I 

recorder--can  be  found  in  Figure  5. 1.  Subsection  1 
describes  the  SSDR  as  a  general  purpose  data  recorder. 

Subsection  2  describes  how  this  general  purpose  recorder  was 
adapted  to  the  NPS  GAS  experiment. 

As  in  the  prototype  model,  the  desired  information  is 
sampled  by  the  A/D  device.  The  digitized  information  is 
then  temporarily  transferred  to  a  RAM  buffer.  Upon  request, 
the  DMA  will  gain  control  of  the  bus  and  perform  the  data 
transfer  from  the  buffer  to  the  MBM  where  it  will  be  stored. 

The  ideal  data  transfer  rate  of  the  four-megabit  (4  Mbit) 

MBM  is  25  Kbytes/sec  [Ref.  7:  pp.  3-4],  Due  to  an  internal 
delay  known  as  T-SEEK,  the  maximum  obtainable  data  transfer 
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disguised  by  using  a  hardware  comparator.  Calculations  were 
performed  to  find  at  what  RAM  buffer  location  a  WRITE 
command  needed  to  be  issued,  so  that,  by  the  time  a  full 


appropriate  interrupt,  signaling  the  8085  to  issue  the  WRITE 
command  (see  Figure  5.2).  If  it  were  feasible  to  increase 
the  buffer  to  store  a  full  4  Mbits  of  data,  and  by  the  addi¬ 
tional  elimination  of  T-SEEK,  the  ideal  data  transfer  rate 
of  25  Kbytes/sec  could  be  achieved. 


Figure  5. 2  Implementation  of  Hardware  Comparator. 


1 .  General  Purpose  S5DR 

T!.e  SSDR  has  the  following  characteristics.  The 
sample  rate  is  fixed  at  2.5  KHz.  As  a  result,  (and  due  to 
- ; . e  T-2ZEK, buffer  limitations)  the  maximum  obtainable  data 
:  i e  hr  one  ei  jht-bit  channel  is  17  Kbytes/sec. 

The  MEMs  are  adaptable  to  a  power  switching  configu¬ 
ration,  therefore  the  active  MBM  card  need  only  be  the  one 
being  written  to  or  read  from.  Power  consumption  is  kept  to 
a  minimum  by  the  use  of  a  custom  designed  power  switching 
card,  the  "ECARD, "  (see  Appendix  A. )  Thus,  power  is  15 
Watts  total  for  this  design.  The  maximum  storage  capacity 


is  12  Mbytes.  Baseline  record  time  ( i. e.  one  channel,  8-bit 
resolution)  is  83. 9  minutes  continuous  recording. 

2.  Adaptation  of  the  S5DR  to  the  NPS  GAS  Experiment 

The  following  is  a  description  of  how  the  general 
purpose  SSDR  is  configured  to  fulfill  the  requirements  of 
the  NPS  experiment  for  Shuttle. 

Six  eight-bit  channels  are  required  to  obtain  all 
the  data.  An  in-depth  study  was  performed  by  students 
working  on  the  acoustic  section  of  the  experiment  to  best 
determine  how  to  implement  these  channels  and  is  not 
discussed  in  this  thesis.  The  results  are  that  three  micro¬ 
phones  and  two  accelerometers  are  connected  to  five  A/D's. 
The  A/D's  have  up  to  sixteen  data  lines  from  which  to  obtain 
information.  Since  the  SSDR  has  only  eight-bit  resolution, 
the  acoustic  group  also  determined  which  of  the  sixteen 
lines  would  be  connected  to  each  eight-bit  channel.  The 
A/D's  are  then  strobed  synchronously  to  prevent  any  time 
delays  encountered  when  analyzing  the  data.  Once  strobed, 
the  channels  are  read  using  time  division  multiplexing 
(TDM),  always  reading  the  channels  in  numerical  order,  (see 
Figure  5.3).  The  maximum  obtainable  data  rate  at  2.5  KHz 
for  the  six  channels  is  15  Kbytes/sec. 

The  full  12  Mbytes  of  storage  will  be  utilized.  The 
organization  of  the  memory  is  accomplished  in  the  following 
manner  under  software  control.  (Appendix  B  provides  the 
software  code  used  to  run  the  SSDR. )  Three  record  options 
are  available  to  chose  from  and  they  are  SWEEP,  SCROLL,  and 
LAUNCH.  SWEEP  is  to  be  performed  prior  to  launch.  A  tone 
will  be  generated  by  a  voltage  controlled  oscillator  (VCO) 
starting  at  25  Hz  and  stepping  up  to  1000  Hz  at  1  Hz  inter¬ 
vals.  This  will  be  done  in  order  to  excite  and  record  the 
fundamental  acoustic  modes  in  the  STS  cargo  bay.  Seventeen 
of  the  twenty-four  MBM  cards  are  required  to  store  this  data 
and  will  take  16. 5  minutes.  The  recorder  will  then  go  into 
a  standby  mode  awaiting  its  next  command. 


Figure  5. 3  Basic  Channel  Configuration. 

SCROLL,  the  next  record  option,  will  be  initiated  by 
the  powering  up  of  the  Auxiliary  Power  Unit  (APU)  on  the 
Shuttle.  This  initiation  process  is  done  by  the  use  of  a 
matched  filter  and  is  the  topic  of  a  thesis  written  by  LT  D. 
W.  Jordan,  USN,  titled  A  Matched  Filter  Algorithm  for 
Acoustic  Signal  Detection.  During  SCROLL,  two  MBM  cards 
will  be  continuously  recorded  on  until  launch.  This  option 
provides  the  capability  to  capture  the  very  important  infor¬ 
mation  otherwise  lost  should  the  record  process  be  initiated 
by  a  detection  of  the  launch  itself. 


Once  launch  is  detected,  however,  the  recorder  will 
transition  immediately  to  the  first  of  the  remaining  six  MBM 
cards  and  record  the  information  to  be  obtained  before  the 
Shuttle  leaves  the  earth’s  atmosphere.  At  this  point,  the 
job  of  the  data  recorder  is  complete  and  it  will  be  shut 
down,  retaining  the  data  for  analysis  when  it  returns  to 
NPS.  The  total  record  time  for  the  SSDR  is  21  minutes.  It 
should  be  noted,  however,  these  options  do  not  have  to 
follow  consecutively,  i. e.  should  the  matched  filter  not 
function  properly  and  a  launch  is  detected,  the  data 
recorder  will  jump  to  the  specified  MBM  card  and  record  the 
remainder  of  the  launch.  The  determination  of  a  launch  is 
not  done  by  the  SSDR  and  is  not  a  topic  discussed  in  th.i  s 
thesis.  For  more  information  concerning  the  control  of  the 
experiment  as  a  whole,  the  reader  is  referred  to  a  thesis 
written  by  Lt  J.  W.  Wallin,  USN  titled  Microprocessor 
Controller  with  Nonvolatile  Memory  Implementation. 

3.  Limitations  and  Alternative 

Some  of  the  limitations  of  this  design  are  a  result 
of  the  prototype  MBM  card  used  in  the  experiment.  For 
example,  the  43  byte  FIFO  in  the  BMC  limits  the  data 
transfer  rate.  One  reason  the  FIFO  exists  is  to  smooth  out 
timing  differences  between  the  host  and  the  MBM.  Only 
having  43  bytes  for  the  buffer  has  proved  to  be  inadequate. 
INTEL  has  since  built  the  4  Mbit  device  with  a  128  byte 
FIFO. 

The  performance  of  a  particular  bubble  memory  device 
ultimately  is  a  function  of  three  factors, 

1.  the  number  of  storage  loops, 

2.  the  number  of  stoarge  locations  on  those  storage 
loops, 

3.  the  frequency  of  the  rotating  magnetic  field  (coil 
frequency) . 

The  throughput,  which  is  number  of  bytes/sec,  is  directly 
proportional  to  the  number  of  storage  loops  and  the  coil 


frequency.  The  time  to  find  a  particular  page  of  data 
(T-SEEK)  is  directly  proportional  to  the  number  of  storage 
locations  and  inversely  proportional  to  the  coil  frequency. 
Power  is  directly  proportional  to  the  coil  frequency. 
Increasing  or  decreasing  any  of  the  three  changes  the 
performance  and  trade-offs  must  be  made. 


The  8085  microprocessor  is  an  8-bit  device. 
Designing  the  SSDR  to  perform  with  a  16-bit  device  or  a 
32-bit  device,  would  enhance  the  resolution  and  provide  for 
data  throughput  of  up  to  272,000  Mbytes/second.  For  more 
information  on  a  32-bit  design,  the  reader  is  referred  to  Lt 
T.  J.  Frey's  thesis,  A  32-bit  Microprocessor  Based  Solid 


an  8-bit 


device. 


32-bit  Microprocessor  Based  Solid 


State  Data  Recorder  for  Space-based  Ar 


ications. 


The  SSDR  is  limited  to  12  Mbytes  of  storage.  This 
is  partly  due  to  size,  weight,  and  power  constraints  of  the 


GAS  container. 


It  is  also  limited  to  this  size  because  of 


the  use  of  the  prototype  MBM  card.  Using  "off  the  shelf” 
components  benefitted  the  GAS  experiment  as  far  as  time  and 
money  was  concerned,  however,  flexibility  was  affected. 

An  alternative,  not  only  for  the  MBM  card  but  for 
the  SSDR  as  a  whole,  would  be  to  custom  design  a  card 
enabling  the  BMC  to  control  more  than  one  MBM.  The  BMC  can 
control  up  to  eight  MBMs  at  one  time  [ Ref.  9] .  For  further 
information  the  reader  is  referred  to  Lt.  B.  A.  Campbell's 
thesis,  A  Digital  Recording  System  for  Space-based 


System  for 


lications  Utilizin' 


our-megabi t 


Space-based 
Bubble 


Memories. 


The  NPS  GAS  experiment  is  scheduled  to  fly  in  1986. 
Analysis  of  the  data  and  performance  of  the  SSDR  is  another 
phase  of  the  experiment  as  a  whole.  The  scope  of  this 
thesis  concentrates  solely  on  the  MBM  and  its  implementation 
into  a  data  recorder.  Because  of  the  MBM's  inherent  hard¬ 
ness  to  radiation,  ruggedness  and  reliability,  its  future 
use  in  space-related  or  space-born  systems  should  not  be 
underestimated. 
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IJF  VECTOR  CML  TO  WRITE  COMMAND  BUBBLE  REG 
!7.5  INTERRUFT  VECTOR  CMC 

! CURRENT  RAM  ADDRESS  TC  READ  OR  WRITE  FROM 


FAGFCI 

ECU 

RAMAEE-2 

BYTE  ECR  FAGE  EITHER  E -PTY  CR  FULL 

LED.NUM 

ECU 

PAGE OL+1 

;flag 

BYT 

E  FOR  LED  EITHER  ON  CR  CEE 

DMA  NUM 

ECU 

LEENUM+1 

;  CURRENT 

BUBBLE  DMA  IS  WORKING  •/  STCP.ID  HE 

DCCHK 

ECU 

LMANUM+1 

;  I  NT- 

VECTOR  BUBBLE  SERVICE  ROUTINE 

BUiCARE 

ECU 

DOCHK+1 

jmiax 

tt  OE 

BUB  CARS  A V « IL AELE  TO  SYSTEM 

! SOFTWARE  INTERRUPTS 

BOOT: 

JMP 

SYSTEM 

a 

TO 

START  OF  PROGRAM 

DS 

C. 

RSTRT1 : 

JMP 

INEUBL 

;  jump 

TO 

INITIALIZE  BUI2IE 

DS 

r 

RSTRT2 : 

JMP 

RDBUBL 

;jump 

TO 

READ  EUEELE 

DS 

c; 

RSTRT3  : 

JMP 

WRBU3L 

;jump 

TO 

WRITE  BUBBLE 

DS 

R 

HSTF-T4  : 

JMP 

DOS 

IJUMF 

TO 

DATA  ERROR  TEST 

DS 

1 

PWFAIL  : 

JMP 

DCTRAP 

;  jump 

TO 

POWER  FAILURE  ROUTINE 

DS 

1 

RSTRT5 : 

JMP 

DOS 

;  jump 

TO 

DATA  ERROR  TEST 

DS 

1 

RSTRTS5 

JMP 

DO  155 

i  JUMF 

TC 

EXTERNAL  TRIGGER  ROUTINE 

DS 

1 

RSTRT6 : 

JMP 

DCS 

;  jump 

TO 

CLEAR  RAM  BUFFER 

DS 

1 

!  INTERRUPT  6.5 

INITIATES  THE 

SERVICE 

ROUTINE  WHICH  CHECKS  THE  CURRENT 

JBUEBLE 

FOR  AN 

ERROR  INTERRUPT  OR  OF- 

COMPLETE 

RSTRT55 

FCP 

B 

5SAVE 

REGISTER  B-C 

JMP 

D0C5K 

i  JUMP 

TO 

CHE  BUBBLE  INTERRUPT  OR  OP-COMPLFT 

RSTRT7: 

JMP 

D07 

JJUMF 

TO 

7.5  SERVICE  ROUTINE 

DS 

1 

; I NTFRRUPT  7.5  INITIATES  TEE  ANALOG  TC  DIGITAL  OH  DIGITAL  TO  ANALOG 
JSERVICE  ROUTINE  '•RICH  EITHER  SENDS  CR  RECEIVES  A  BYTE  FROM  TEE  RAN 
» 

RSTRT75 :  JMF  INTVEC  JJUMP  TO  SERVICE  ROUTINE 


SYSTEM:  ; START  OF  THIS  PROGRAM 


DI 

LX  I 

SP .STACK 

MVI 

A. 5 

CALL 

DELAY 

CALL 

INITEW 

IXI 

D  .MENU 

CALL 

PRINT 

TEIS  ROUTINE  INPUTS  A  CHARACTER  FROM  THE  CONSOLE  AND  ECHOES  IT  BACK  TO  THE 
CONSOLE .  IT  DETERMINES  WHAT  FUNCTION  IS  TO  El  PERFORMED  BY  POINTING  THE 
PROGRAM  COUNTER  TO  THE  PROPER  JUMP  STATEMENT  LOCATED  AT  THE  SYSTEM  TABLE 
(SYSTBL).  THE  PROGRAM  UNDER  NORMAL  OPERATION  RETURNS  TO  THIS  ROUTINE. 


AGAIN: 


LXI  SP, STACK 

CALI  CON  IN 

MOV  C  ,A 

CALL  CONOUT 

MOV  A  ,  C 

CFI  '0' 

JM  ERROR 

CPI  'S' 

J?  ERROR 

SOI  '0' 

MOV  C.A 

AED  A 

AED  C 

NOV  C.A 

XRA  A 

MOV  B.A 

LX  I  H.SYSTBL 

EAE  B 

PCHL 

; STSTE L  IS  THE  BASE  AEERESS  FCH  THE  JUMP  ROOTINES.  JUMPS  ARE  SELECTEE  PY  TEE 

;again  rcotine  using  ststbl. 

SYSTHI:  J  INDEX  ADDRESS  EY  0-7 

JMP  SYSTEM 

JM?  DC  1 

JMP  E02 

JMP  D03 

JMP  DC4 

JMP  DOS 

JMP  DOS 

JMP  DC7 

;TEIS  RCOTINE  IS  USEE  in  THE  EVENT  TEE  OPERATOR  ENTERS  AN  INVALID 

> CHARACTER  AT  IHE  CONSOLE. 

ERROR: 

LXI  D.MSGl 

CALL  PRINT 

LXI  D  .MENU 

CALL  PRINT 

JMP  AGAIN 


START  OF  SYSTEM  ROOTINES 

EACH  RCOTINE  CORRESPONDS  TO  THE  NUMBER  SELECTEE  IN  THE  MENU.  EACH  MAIN 
ROUTINE  IS  NAMED  IN  TEE  FOLLOWING  FORMAT  DO'#',  WHERE  '#'  IS  THE  NUMBER 
SELECTEE  ON  THE  MENU.  ALL  SUPPORT  ROUTINES  TO  THE  MAIN  ROUTINE  WILL  BE 
EESIGNATEE  3Y  DO'A'dE),  WHERE  IE  IS  THE  SPECIFIC  SCPFORT  ROUTINE 
DESIGNATOR  . 


LX  I 

D.MSG2 

CALL 

FRINT 

CALL 

CONIN 

*iO  V 

C  ,A 

CALL 

CCNCUT 

MOV 

A  ,  C 

CFI 

'0  ' 

JM 

ERE1 

CPI 

'4  ' 

JP 

ERfil 

SUI 

'0  ' 

MOV 

C  ,  A 

ADD 

A 

ADD 

C 

MOV 

C  ,  A 

IRA 

A 

MOV 

B ,  A 

LX  I 

E.D01TBL 

DAB 

FCEL 

.  B 

D01TBL  IS  THE  BASE  ADDRESS  FOB  TEE  JUMP  ROUTINE  THAT  SETS  SPECIFIC 
SAMPLING  RATES.  A  SPECIFIC  JUMP  IS  SELECTED  BY  TEE  DC1  ROUTINE 
USING  EC1TBL  AS  THE  BASE  ADDRESS. 


DOITEL  : 


JMP 

DCie 

JMP 

DOU 

JMP 

EC  12 

JMP 

DO  13 

ircie. 

ECU, 

C012,  D013, 

ARE  THE  SPECIFIC  RCUTINES 

SELECTED  BY  THE  DOITBI 

;  jumps. 

ONLY 

ONE  IS  INVOKED  AT  ANY  ONE 

RUN.  THE 

HL  REG  PR  IS  LOADED 

1WITH  T 

HE  NUM 

BER  CF  CLOCK 

CYCLES  BETWEEN 

SAMPLES. 

THIS  PROGRAM  IS  SET 

;tc  run 

WITH 

A  CLCCK  RATE 

OF  4MH  7  . 

DO  10  : 

IXI 

H .seen 

JMP 

DONEl 

roil  : 

LXI 

H  ,4200 

JMF 

DONEl 

DO  12 : 

LXI 

H  ,1500 

JMP 

DONEl 

D012  : 

LXI 

E  .see 

JMP 

DONEl 

;dcnei 

ICADS 

THE  OUTPUT  ADDRESS  CF  TEE  D 

TO  A  INTO 

LTCA  AND  OUTPUTS  TEE 

; NUMBER 

CF  CLOCK  CYCLES  BETWEEN  SAMPLES 

INTO  THE  COMMAND  REGISTER  OF  THE 

;ei5; . 

IT  Will  START  IMMED I ATEDLY  AFTER 

LOADING. 

AT  TERMINAL  COUNT  IT 

I'» ILL  SEND  THE  NECESSARY 

INTERRUPT  FCISE 

TO  TEE  7. 

5  INTERRUPT  OF  THE 

18085. 


>-3  1*1 


OUT  TMS3TM 

MVI  A.0C0E 

OUT  TPPICS 

III  D.MENU 

CALI  PRINT 

JMP  AGAIN 

PRINTS  TO  THE  CONSOLE  WHEN  AN  UNAUTHORIZED  CHARACTER  IS  RECEIVED 


BAD 

ENTRY, 

TRY  AGAIN! 

'RBI  : 

III 

D  ,  MSG1 

CALL 

PRINT 

JMP 

DC  1 

THE  SECOND  MAIN  ROUTINE  INITIALIZES  A  EU3ELE.  THE  SPECIFIC  BUEBLE  IS 
SELECTED  3T  THE  USER  AT  THE  CONSOLE.  IT  RETURNS  TO  TEE  CONSOLE  VITE  AN 
"OPERATION  CCMPIETE"  OR  "INCOMPLETE . "  IN  INCOMPLETE  IT  WILL  A ISC  GIVE 
THE  RESULTS  CF  THE  BUEBLE  STATUS  REGISTER.  THIS  ROUTINE  USED  BASICALLY 
THE  SAME  ROUTINE  TO  INPUT  DATA  FROM  TEE  CONSOLE  AS  DCES  ROUTINE  DOl  . 


DI 

LEI 

D.MSG5 

CAIL 

FRINT 

CALL 

CCNIN 

“CV 

C  ,  A 

CALL 

CONOUT 

VC7 

A  ,  C 

CPI 

■t- 

JM 

ERR2 

CPI 

'e  ■ 

JF 

ERR2 

SUI 

'0  ' 

“CV 

C  ,  A 

ALE 

A 

AED 

C 

MOV 

C  ,  A 

ERA 

A 

“CV 

B.A 

LEI 

E  .EC2TBL 

DAD 

PCHI 

D 

DC2TBL  IS  THE  BASE  ADDRESS  FOR  TEE  JUMP  ROUTINES  THAT  INITIALIZE  A  SPECIFIC 
BUBELE.  THE  SPECIFIC  JUMP  IS  SELECTED  BY  THE  D02  ROUTINE  USING  D02TBL 
AS  THE  BASE  ADDRESS.  THIS  PROGRAM  IS  CAPABLE  OE  SELECTING  1  Of  5  SPECIFIC 


r 


jECBSLFS.  FC ?  THF  SPACE  SHUTTLE  LATA  RECORDER  THIS  WILL  TRANCED 
>  SELiCT  1  OF  24  SPECIFIC  BU3LES  .  J 

EC2TBL: 


■THIS  SOUTINE  TURNS  OFF  THE  POWER  LIGHT  (LED!  TO  A  SPECIFIC  BUBBLE 
DC20  : 

LXI  H  ,20H 

SELD  BURNT!' 

MI  A.ees 

OUT  PPIPA 

E0NE21 

INITIALIZATION  ROUTINE  FOR  BUBBLE  #1 
021: 

LXI  H  ,00  H 

MI  A.21B 

JIM  E0NE2 

INITIALIZATION  ROUTINE  FOR  BURBLE  *2 

:C22: 

LXI  H  ,21E 

t*V  I  A.02B 

JM  D0NE2 

IMTIAIIZATICN  ROUTINE  FOR  EUEBIE  *3 

:0  23 : 

IXI  E.Z2R 

MI  A.04B 

JM  COM2 

INITIALIZATION  HOUTIN  FOR  BUBBLE  #4 
024: 

LXI  H.03H 

f*vi  A.eea 

JM  D0NE2 

IMTIAIIZATICN  ROUTINE  FOR  BUBBLE  #5 


IXI  E , 04  B 

MI  A.10B 

? 

;rCN52  INITIALIZES  TBE  BOBBLE  CARD  INDICATED  BY  REGISTER  PARI  H-L .  IT 


v, 


T*  V  •  V  »  k  ■  .  *  V  »  Y  *  »  .'•w  k.  w  i.  -w  b  ' 


JALSC  STORES  THIS  S-I  IN  3UENUM  rc  FE  USE!  LATER  AS  AN  CEESIT  POINTER 
; IN  OTHER  H0UTINE3. 

ECNE2: 


SHED 

BU3NUM 

CUT 

PP  IP  A 

CALL 

BICTMP 

LXI 

3. TABLES 

CALI 

INBUBI 

MOV 

B  ,  A 

XRI 

40H 

JNZ 

INTE3R 

LXI 

E.MSG4 

CALI 

PRINT 

JMP 

E0NE21 

; THIS  ROUTINE  PRINTS  "OP-FAILED"  I?  INITIALIZATION  IN  ROUTINE  DONE2  EOES 

;nct  work. 

INTERR: 

MOV  A  ,3 

CALI  STATUS 

LX  I  E.MSG5 

CALL  FRINT 

;RETERNS  TO  *ENU  CFON  INITIALIZATION. 

E0NE21 : 

IXI  E.MENU 

CALL  PRINT 

JMP  AGAIN 

'i FRI NTS  TO  CONSOLE  .HERE  AN  UNAUTHORIZED  CHARACTER  IS  RECEIVED  IN  D02. 

;RETLRNS  TO  MENU  TC  INITIALIZE  A  SPECIFIC  BUBBLE. 

ERR2 : 

IXI  E.'SGl 

CALL  PRINT 

JMP  DC2 

; T E I S  RCUTINE  RECEIVES  EATA  FROM  THE  ANALOG  TO  DIGITAL  CONVERTER  ANE  PLACES 
SIT  TEMPORARILY  IN  THE  RAM.  THE  RAM  IS  DIVIDED  INTO  TWO  PAGES.  FROM  TEE  RAM 
JIT  IS  THEN  MOVED  INTO  TEE  BUBBLE  MEMORY  IN  BLOCKS  OF  22  PAGES  (2K  BYTES), 

J  WHERE  A  PAGE  IS  EQUAL  TO  64  BYTES.  THE  BYTES  ARE  PLACED  IN  THE  RAM  BY  THE 
jeetB,  A  BYTE  AT  A  TIME.  AFTER  THE  22  PAGES  HAVE  BEEN  READ  INTC  THE  RAM  THE 
JELAG  "PAGEUL"  IS  SET  TO  INDICATE  A  BLOCK  IS  READY  ECR  TRANSFER  TO  THE  E’JBBLE 
JMEMCRY.  THE  CURRENT  BUBBLE  IS  INSTRUCTED  TO  START  TRANSFERING  TERCUGE 
J  THE  DMA.  WHILE  THE  3L0CK  TRANSFER  CE  PAGES  IS  OCC'JBING,  TEE  NEXT  PAGE  Of 
J  LATA  FROM  THE  A  TC  I  CONVERTERS  IS  EEING  TRANSFEREE  INTC  THE  OTHER  PAGE  Or 
J  ?  AM .  BY  THE  T I ME  THE  BLOCK  TRANSFER  IS  COMPLETE,  THE  NEXT  PAGE  WILL  BE 
JNEARLY  READY  FOR  TRANSFER.  ONCE  IT  IS  FILLED,  A  FLAG  »ILL  BE  SET  ANE  ANOTHER 
JBIOCK  TRANSFER  Will  BEGIN  ANE  THE  FRCVICUS  PAGE  OF  R A v  WILL  BE  REWRITTEN, 
JTEUS  BEGINNING  THE  CYCLE  OVER  AGAIN.  THIS  WLL  CONTINUE  UNTIE  ALL  BUBBLE 
J  CARES  HAVE  BEEN  WRITTEN. 
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LOT : 


JRECCFL  INPUT  I  AT  A 


III 

SP  .3TAC5 

CALL 

BSINT 

LX  I 

3 , CO  13 

MVI 

A ,2C3H 

STA 

INTVEC 

5HLD 

INT7EC+1 

LX  I 

E.E03CHX 

STA 

DOCHS 

SELD 

DOCEX*l 

m  INITIAL 

SET  UF 

MV  I 

A, ZEE 

CUT 

eFH 

CUT 

0CH 

MV  I 

A  ,203 

CUT 

e4B 

"VI 

A  ,0E0H 

OUT 

04H 

MV  I 

A.ZKH 

CUT 

053 

"VI 

A  , 2£H 

CUT 

e5E 

MV  I 

A.4AH 

CUT 

0HB 

MV  I 

a  ,=eB 
cen 

CUT 

LX  I 

B,e 

SHLD 

BUENUM 

CALL 

BICTMP 

LXI 

H.TXCNT 

SELD 

COUNT 

LXI 

B.ezzeeB 

SELD 

RAMADD 

MV  I 

A, 01 

STA 

LELNUM 

OUT 

PPIPA 

"VI 

A.0EEH 

CUT 

PPIPB 

STA 

DMANUM 

>SET  UF  HAP'  TABLE  WITH  PARAMETRIC  REGISTER  INITIAL  VALLES. 

LX I  H.RAMTABL 
CVI  r.ZZB 

I  NX  H 

"VI  P*,10H 

IP.X  H 

"vi  m.psb 

INX  H 

mvi  r,20H 

INX  H 


GO 


CALL 


CONIN 


MV1  A,e 

STA  PAGFUL 

“VI  A.0AE 

SI.V 
El 

; TS I S  ROUTINE  POLLS  THE  "PAGE  POLL"  FLAG  TO  SEE  IF  A  FAGE  IS  READY 

;fcp.  teansfer. 

; IF  IT  IS  READY,  IT  SENDS  A  WRITE  COMPAND  TO  TEE  BUBBLE  TO  START 
(TRANSFERRING  A  PAGE  FROM  RAM  TO  THE  CCRRENT  BURBLE  MEMORY. 

PAGPCL3 : 

IIA  PAGFUL 

CFI  0FFH 

JNZ  PAGPOL3 

LX  I  E.RAMTABL 

CALL  WRSUBL 

MV  I  A.0SR 

SIM 
El 

MV  I  A.eSB 

CUT  0FH 

3FCL3 : 

JMP  BPCL3 

JVEEN  PECCRDING,  THIS  ROUTINE  IS  THE  6.5  INTERRUPT  ROUTINE.  THE  6.5  IS 
! INITIALIZED  BY  THE  INTERRUPT  OF  THE  BOBBLE  CARDS  UPON  AN  OP-COMPLETE  OP. 
i ERROR .  IF  AN  ERROR,  IT  WILL  INDICATE  BUB5LE  STATUS  REGISTER  ON  THE  CONSOLE. 

D03CBX: 

MV  I  A.0ER 

SIM 

El 

CALL  RDSTMP 

“OV  B  ,  A 

ANI  40H 

CFI  40B 

JZ  RESET3 

;IF  ERROR  PRINT  "CP  FAIL"  AND  STATUS. 

LXI  D.CRLF 

CALL  PRINT 

“CV  A  ,  B 

CALL  STATUS 

LXI  D.MSG5 

CALL  PRINT 

JMP  GOAGAIN 


CHICK  TC  SEI  IF  THE  CURRENT  BUBBLE  IS  FINISHEE .  IF  SC,  MOVE  TO  NEXT  CARE. 
IE  EAST  CARE,  GO  TO  "GCAGAIN"  TC  START  OVER.  TEIS  NORMALLY  IS  CAILEE  FRCV 
ECC3K2. 


RE  SETT  : 

MVI  A.0FE 

CUT  CFE 

LELD  COUNT 

DCX  5 

SELE  COUNT 

P'07  A  ,E 

ORA  L 

JNZ  AGAIN3 

MVI  A,2eH 

CALL  WRCTMP 

LEA  SDECARD 

ECR  A 

STA  BUBCARE 

JZ  E0NE2 

LELE  BUBNUM 

If.X  H 

SELE  BUBNUM 

LEA  LEENUM 

RLC 

STA  LEENUM 

OUT  PPIPA 

LEA  EMANUM 

RLC 

STA  EMANUM 

Cl'T  PPIP3 

CALL  BIOTMP 

JMP  AGAIN3 

» 

i  TEIS  ROUTINE  PRINTS  "OPERATION  COMPLETE"  TO  CCNSCLE  ANE  RETURNS  TC  ’'AIN 
IMENU. 

ECNE2 : 

LXI  D.CRLF 

CALL  PRINT 

MCV  A  ,S 

CALL  STATUS 

IXI  E.MSG4 

CALL  PRINT 

JMP  GOAGAIN 

, 

;SET  UP  FOR  NEXT  EIOCK  TRANSFER  TO  BUEBIE  BT  PLACING  FARAP"ETRIC  BUBBLE  REG¬ 
ISTER  VALUES  INTO  RAM.  THESE  VALUES  ARE  REAL  BT  THE  WRCTMP  ROUTINE  ANE 
; PIACEE  INTO  THF  APPROPRIATE  REGISTERS. 

AGAIN3  : 

MVI  A,Z 

STA  PAGECL 

LXI  H.RAMTABL 

MVI  M.20B 

I  NX  H 
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;** 


MVI 

INK 

rvi 

INI 

r-v  i 

M.ies 

E 

M.2SB 

H 

A.0EH 

CALL 

WRCTMP 

CALL 

RDDTMP 

mov 

M,A 

IN* 

H 

CALL 

RDDTMP 

MOV 

M,A 

;  SST  OF 

DMA  ECR  TRANSFER  TO  BOBBLE 

BT  LOADING  CORRECT  RAM  LOCATION. 

COT 

eon 

LEID 

RAMADD 

MV  I 

A,0 

COT 

04  E 

rov 

A.B 

CPI 

0E6H 

JNC 

AGN21 

MV  I 

A.ZE0H 

JMP 

AGN32 

AGN31: 

MVI 

A  ,  0ESH 

AGN32: 

COT 

04H 

MVI 

A.e 

OOT 

05  E 

MVI 

A  ,  0EH 

OOT 

05H 

JMP 

PAGP0L3 

;tbis  routine 

IS  VECTORED  TO  WHEN 

A  7.5  INTERROPT  IS  ACKNOWLEDGED  AND 

THE 

; RECORDER  IS  IN  THE  RECORD  MODE. 

T5IS  RCDTINE  TAKES  A  BYTE  FROM  THE 

ANALOG 

; TC  DIGITAL  CONVERTERS  AND  PLACES 

IT  IS  THE  CORRECT  RAM  LOCATION  INDICATED 

;bt  the 

ADDRESS  STORED  IN  RAMADD. 

TE  IS  ROOTINE  IS  JUMFID  TO  THRCUGE 

LOADING 

;OF  THE 

"INVECT"  LOCATION  WITH  THE 

ADDRESS  OF  DC13. 

E0I3: 

;  POFEIE  WRITE  INTERROPT  SERVICE 

FCSH 

PSW 

FOSE 

H 

LHLD 

RAMADD 

LDA 

ATOD 

STA 

DTCA 

MOV 

M  ,  A 

MVI 

A.0C0H 

SIM 

MVI 

A ,e40H 

SHLD  SAVAGE 

POP  H 

FCP  PSW 

SI 
PET 

THIS  ROUTINE  SETS  TBE  PAGE  FELL  FLAG  IE  PAGE  1  IS  FOIL  AND  RESETS  TEE  RAM 
AEDSESS  VALUE  IN  RAMADI . 

0131: 

LXI  H.0E000H 

SHLD  RAMADD 

f-V  I  A.OEEH 

STA  PAGFUL 

FCP  H 

POP  PS  Vi 

El 
RET 

THIS  ROUTINE  SETS  TEE  "PAGE  FULL"  FLAG  IF  PAGE  0  IS  FULL  AND  RESETS 
THE  RAM  ADDRESS  VALUE  IN  RAMADD. 

30 132: 

SHLD  RAMADD 

M  VI  A.0FFH 

STA  PAGFUL 

FCP  H 

POP  PS  Vi 

El 
RET 

:THIS  ROUTINE  TAKES  THE  DATA  FROM  THE  BUBBLE  MEMORY  CARDS  AND  SENDS  IT  TO  TEE 
I  DIGITAL  TO  ANALOG  CONVERTERS.  IT  DOES  THIS  BY  FIRST  PLACING  A  BLOCK  OF  DATA 
;INT0  THE  RAM.  A  BLOCK  OF  DATA  IS  32  SIXTY-FOUR  BYTE  PAGES.  THE  BLOCK  IS 
;MCVED  EY  THE  DMA  FROM  THE  BUEBLE  TO  THE  HAM.  ONCE  IN  THE  BAM,  THE  DATA  IS 
'  THEN  MOVED  BY  THE  8065,  A  BYTE  AT  A  TIME, TO  THE  DIGITAL  TO  ANALOG  CONVERTERS. 

I  THE  SAME  TYPE  OF  PROCEDURE  USED  IN  RECORDING  THE  DATA  IS  USED  WHEN  INTERLEAV¬ 
ING  P AGE?  AND  PAGE  1  OF  TEE  RAM.  SINCE  THE  DMA  CAN  TRANSFER  FROM  THE  BUBBLE 
I  FASTER  THAN  THE  BYTES  ARE  BEING  PLACED  OUT  ONTO  THE  D  TO  A,  THERE  IS  ALWAYS  A 
I  FULL  PAGE  OF  DATA  READY  WHEN  THE  CURRENT  PAGE  IS  FINISHED  BEING  READ  OUT. 
IMOST  OF  THE  CODING  IS  IN  SUPPORT  OF  CHANGING  PAGES  OF  RAM  DURING  PLAYBACK. 

f 

3C4:  j PLAYBACK  DATA 

DI 

LXI  SP  .STACK  ' 

CALL  B5INT 

LXI  3 ,  DO  14 

MV  I  A.0C3H 

STA  INTVEC 

SHLD  INTVEC  +1 

IXI  H.D04CEK 

STA  DOCHK 

SHLD  DOCHK+1 


B  .RAKTABL 
RDBOBL 


D041 


THIS  ROUTINE  POLLS  THE  "PAGE  FULL”  FLAG  TO  SFI  IF  A  PAGE  IS  READ!  FOR 
TRANSFER .  IF  IT  IS  READY,  IT  SENDS  A  READ  COMMAND  TO  THE  BUBBLE  TO 
START  TRANSFIRING  A  PAGE  FROM  BUBBIE  TO  RAM. 


PAGP0L4 : 


FAGEUL 

0FFH 

PAGP0L4 

B .RAMTABL 
RDECBI 
A  ,esH 


A  , CBS 
0FH 


VEEN  READING.  THIS  ROUTINE  IS  THE  6.5  INTERRUPT  SERVICE  ROUTINE.  THE  6.5  IS 
INITIALIZED  BY  THE  INTERRUPT  OF  THE  EUBBIE  CARDS  UPON  AN  OF-CCMPLETE  OB 
ERROR.  IF  AN  ERROR,  IT  VILL  INDICATE  BUBBLE  STATUS  ON  THE  CONSOLE. 


D04CHK: 


A  ,0BB 


SI 


CALL  RDSTMP 

MOV  B  ,  A 

ANI  40B 

CPI  40H 

JZ  RESET4 

IF  ERROR  PR  I  ,‘.'T  "OP-FAIL"  AND  STATUS. 

IXI  D.CRIF 

CALL  PRINT 

MOV  A  ,  B 

CALL  STATUS 

LX  I  D.MSG5 

CALL  PRINT 

JMP  GOAGAIN 

CHECK  TO  SEE  IF  THE  CURRINT  BUBBLE  IS  FINISHED.  IF  SO  MOVE  TO  NEXT  CARE. 
IF  LAST  CARE  GO  TO  GOAGAIN  TO  START  CVER .  THIS  NORM ALLT  IS  CALLED  FROM 
E04CHK  . 


RFSET4  : 


1 


A  ,eFFH 

PAGFUL 

A.CFH 

4JFH 

COUNT 


r  rf  r 


SHIB  COUNT 

MOV  A.H 

OHA  L 

JNZ  AGAIN4 

MVI  A.zes 

CAU  KRCTMP 

LEA  BUBCARB 

DCS  A 

STA  BUBCARD 

JZ  D0NI4 

LHLE  BUBNUM 

INX  H 

SHIB  BUBNUM 

LEA  LEINUM 

R1C 

STA  IEENUM 

CUT  PP IP A 

LEA  DMANUM 

RIC 

STA  EMANUM 

OUT  PPIPB 

CA11  EICTMP 

JMP  AGAIN4 

THIS  ROUTINE  PRINTS  “OPERATION  COMPLETE"  TO  THE  CONSOLE  ANE  RETURNS  TO 
THE  MAIN  MENU. 

E0NE4  : 

III  D,CRLF 

CALL  PRINT 

MOV  A.E 

CALL  STATUS 

LX  I  D.MSG4 

CAU  PRINT 

JMP  GOAGAIN 

i 

;SIT  UP  FGR  NEXT  BLOCX  TRANSFER  FROM  BUBBLE  TO  RAM  BT  FLACING  BUBBLE 
(PARAMETRIC  REG  VAIUFS  INTO  RAM.  THESE  VALUES  ARE  RIAL  BT  THE  RDSTMP 
I RCUTI NE  AND  PLACED  INTO  TEE  APPROPRIATE  REGS. 

AGAIN4: 

LX  I  H.RAMTABL 

MV  I  M ,20R 

INX  H 

MVI  M.10H 

INX  H 

MVI  M.25H 

INX  H 

MVI  A,0EH 

CALL  WRCTMP 

CALL  REETMP 

MOV  M ,  A 

INX  H 

CALL  REETMP 


f CT  M,A 

SIT  DP  DMA  ICR  TRANSFER  TO  RAM  EY  LOADING  CORRECT  RAM  LOCATIONS. 


CUT 

ecs 

LHLE 

RAMAED 

MV  I 

A  ,0 

CUT 

04E 

MOV 

A  ,B 

CPI 

0ESE 

JNC 

AGN41 

MV  I 

A.0E0H 

JMP 

AGN42 

AGN41 : 

MVI 

A.0E6H 

AGN42 : 

CUT 

04  B 

MVI 

A.0 

OUT 

05H 

MVI 

A  ,  06H 

OUT 

05H 

JMP 

PAGPOL4 

; THI S  RCDTINE  IS  VICTORID  TO  WEEN  A  7 .5  INTERRUPT  IS  ACKNOWLEDGED  AND  THE 

; RECOREER  IS  IN  THE  PLAYBACK  MOEE.  THIS  ROUTINE  TAKES  A  BYTE  FROM  RAM  ANE 

SPIACES  IT  ON  THE  CORRECT  DIGITAL  TO  ANALOG  CONVERTER.  THIS  ROUTINE  IS 

! JUMPED  TO  THROUGH  LOAEING  OF  THE  INVECT  IOCATICN  WTH  THE  ADDRESS  OF  D0I4. 

J 

DO  14 :  J  READ  BUBBLE  INTERRUPT  SERVICE 

FUSH  PSW 

FUSE  H 

IHLD  RAMAED 

MOV  A  ,M 

STA  DTOA 

INI  H 

MOV  A  ,  H 

CPI  0F0H 

JZ  DO  141 

CPI  0E6E 

JZ  DO  142 

SEED  RAMADD 

POP  H 

FCP  PSW 

El 
RET 

t 

i THIS  ROUTINE  SETS  THE  "PAGE  EULl"  FLAG  IE  TEE  CURRENT  PAGE  IS  FULI  ANE 

;resets  the  ram  aeeress  value  in  ramaed. 

DO  14 1 : 

LXI  H.0E000H 

SHLD  RAMADD 

MV  I  A  ,  0BE 

STA  PAGFUL 

FOP  H 
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THIS  ROUTINE  ALSO  SITS  THI  "PAGE  FUIl"  FLAG  FOH  THI  CTHEE  PAGE  IN  HAM  AND 
PESFTS  THE  HAM  AIERESS  VALUE  IN  RAMAED . 


EO 142 : 


SHLD 

RAMADD 

MV  I 

A.00H 

STA 

PAGEUL 

POP 

H 

POP 

PSW 

El 

RET 

; THIS  ROUTINE 

IS  REFERENCED 

WHIN  AN  ERROR  OCCURS.  "OP-FAIL’lS  PRINTED 

JCNTO  THE  CONSOLE  ALONG  WITH 

THE  STATUS  OF  THI  BUBBLE  MEMORT  CONTROLLER 

!SC  THAT  THE 

USER  IS  ABLE  TO 

DETERMINE  WHAT  WENT  WRONG  WITH  THE  BUBBLE 

JREAE  OR  WRITE  OPERATION. 

STATUS: 

IPRINT  BUBBLE  CONTROLLER  STATUS 

MV  I 

B.06H 

STAT1 : 

RLC 

JC 

STAT2 

MVI 

C  ,  U0B 

J“P 

STAT2 

STAT2 : 

MVI 

C.21H 

STATU : 

PUSH 

PSW 

CALL 

CONOUT 

POP 

PSW 

DCR 

B 

JNZ 

STATI 

RET 

1 

i THI S  NEXT  ROUTINE  ENABLES  THE  PROGRAM  TO  RETURN  TO  THE  MAIN  MENU 

j F ROM  A  READ 

OR  WRITE  OPERATION. 

GOAGAIN: 

J RETURN  TO  SISTEM  FROM  READ/WRITE 

El 

MVI 

A.0FH 

OUT 

0EH 

MVI 

A  ,5eH 

OUT 

oeH 

MVI 

A  ,  60H 

STA 

DTOA 

MVI 

A  ,0 

CUT 

PPIPA 

MVI 

A  ,0FFH 

OUT 

PPIPB 

AGAIN 


JPSINT  A 
HEALING 
; INITIAL 
JCCNSOII 

E£INT: 


ND  ITS  SUBSEQUENT  SOUTINES,  B5INT0  AND  B5INT1  RESPECTIVELY ,  ARE 
VITE  THE  INITIALIZATION  OF  THE  £  BUBBLE  CARES.  WHENEVER  AN 
I Z ATI  ON  IS  PERFORMED,  THESE  ROUTINES  FURNISE  THE  USER  (VIA  THE 
;  SUCH  INFORMATION  AS  TO  HOW  MANY  CARES  INITIALIZED  SUCCESSFULLY. 


B£INT0: 


B£ INT 1 : 


Ill 

H  ,00B 

MV  I 

A  ,015 

CALL 

B5INT1 

LXI 

H  ,015 

MV  I 

A.02H 

CALL 

B5INT1 

LXI 

5 ,  Z2H 

MVI 

A  , 04H 

CALL 

B£ INTI 

LXI 

3,233 

MVI 

A  ,065 

CALL 

BSINTl 

LXI 

H  ,Z4H 

MVI 

A.10H 

CALL 

BSINTl 

STA 

BUBCARD 

LXI 

D.CRLF 

CALL 

PRINT 

LEA 

BUBCARD 

AEI 

30H 

MOV 

C  ,  A 

CALL 

CONOUT 

LXI 

D  ,  MSG10 

CALL 

PRINT 

LXI 

H.00H 

SELD 

BUENUM 

MVI 

A.Z0H 

OUT 

RET 

PPIPA 

SHED 

BUBNUM 

CUT 

PPIPA 

CALL 

BIOTMP 

LXI 

B, TABLES 

CALL 

INBUBL 

MOV 

B,A 

MVI 

A  , 20H 

CALL 

WRCTMP 

MOV 

A  ,B 

ANI 

0F4H 

CFI 

40H 

MVI 

RZ 

A  ,  Z£B 

LELD 

BUBNUM 

MOV 

A, I 

POP 

B 

R 

S 


*r.  -■ 


.*  «•  1 


JMP  B5INT0 

i 

iDOTRAP  IS  USED  WHEN  A  SPURIOUS  INTERRUPT  OCCURS  WITHIN  THE  SYSTEM 

;tbat  ccdid  fcssibit  ruin  the  current  operation,  the  way  in  which  the 

!USEH  LEARNS  TEAT  SOMETHING  HAPPENED ,  I.E.,  AN  UNEXPECTED  INTERRUPT, 

; IS  THAT  THE  SYSTEM  JUMPS  TO  THIS  ROUTINE  AND  PRINTS  OUT  "SPURIOUS 
.INTIREPUT”  ONTO  THE  CONSOLE. 

DOTRAP: 

III  D , MSG7 

CALL  PRINT 

JMP  AGAIN 

5 

JTHE  NEXT  SET  OF  ROUTINES,  D05  THROUGH  D0I55,  ARE  USED  FOR  THE  DATA  ERROR 
.TESTING  TO  ENSURE  PROPER  OPERATION  OF  THE  BUBBLES.  THE  PREDICTED  ERROR 
(RATE  FOB  THE  BUBBLES  IS  10~-13.  IE  ONE  DESIREE  TO,  THEY  COULD  RUN  THIS 
i ROUTINE  INDEFINTELY  TO  SEE  IF  TEAT  PREDICTION  HOLDS.  DURING  THIS  SECTION 
JEIFFERENT  PATTERNS  OF  "l'S"  AND  “(J'S'  ARE  RECORDED  INTO  THE  BUBBLE  MEM¬ 
ORIES.  THE  USER  HAS  A  CHOICE  OF  WHICH  PATTERN  (SEX  MSG- 11 )  .  UPON  COM- 
iPLETION ,  TEE  USER  CAN  PLAYBACX  WHAT  WAS  RECORDED  AND  DETERMINE  THE 
(ACCURACY  CF  THE  EUBBLE  MEMORIES. 

( 

DOE: 

DI 

III  SP  .STACK 

LX I  D.MSG11 

CALL  PRINT 

CALL  BSINT 

DOS00 :  ! CONSOLE  ENTRY  SECTION. 

CALL  CON  IN 

MOT  C  ,  A 

CALL  CONOUT 

MO?  A  ,  C 

CPI  '0' 

JM  EHH5 

CPI  '5' 

JP  ERRS 

SUI  '0' 

MOT  C  ,  A 

ADD  A 

ADD  C 

MOT  C ,  A 

XRA  A 

MOT  B,A 

LXI  H.D05TBL 

DAD  B 

PCHL 

DOSTSL  : 

JMP  DOS0 

JMP  D051 

JMP  D052 

JMP  DO 53 

JMP  D054 

ERR5 :  , 'ERROR  ROUTINE  FOR  INCORRECT  CONSOLE  ENTBY 

III  D.MSGl 


i 

I 


^  *T-  *  " 


7*  CT  V*  V*  IWW  ■  j*  \  w  W  IV^V.V.V  W  V-.-V1 


i 

a 

:• 

c 

<N 

*4 

N 

1 


I 


CALL 

PRINT 

LX  I 

D.MSGU 

CALL 

PRINT 

JMP 

DO500 

rose: 

JMP 

GOAGAIN 

DCei: 

JMP 

D0NE5 

D0S2: 

JMP 

DONIS 

D0£3: 

JMP 

D0NE5 

DO£4: 

JMP 

DONE5 

DONE!: : 

LX  I 

D.NSGll 

CALL 

PRINT 

JMP 

DO500 

DO  I5S : 

IXI 

D.MSG7 

CALL 

PRINT 

JMP 

AGAI-N 

{routine  to  print  choices  foe  data  ehroe  test. 


;msg  to  console  incase  of  spurious  interrupt. 


i THIS  SECTION,  D06-D061 ,  IS  DISICNED  TO  CIEAR  TEE  RAP  PUFFER  IF  CHOSEN. 
{ IT  IS  WISE  TO  START  OUT  WITH  A  BAM  THAT  IS  IN  A  KNOWN  STATE.  THEN  THE 
JCSER  IS  ASSURED  TO  HAVE  NO  PREVIOUS  DATA  FROM  OTHER  RECORDINGS. 

JUPON  COMPLETION  IT  RETURNS  THE  CSER  TO  THE  MAIN  MENU. 

roe.- 


DOei: 


DI 

LX  I 

H.PAGE0 

IXI 

B ,1000 

MV  I 

D  ,eeH 

MOV 

M.D 

DCX 

B 

MOV 

A ,  B 

CRA 

C 

JNZ 

D0S1 

MV  I 

A  ,£0H 

STA 

DTCA 

LX  I 

D.MSG4 

CALL 

PRINT 

LI  I 

D.MINU 

CALL 

PRINT 

JMP 

AGAIN 

;CC7  AND  DO  17  ARE  THE  CONVERT  AND  DISFLAT  OPTIONS.  THI  ADVANTAGE  OF  THESE 
{ROUTINES  IS  THAT  THI  USER  CAN  ENSURE  THE  CORRECT  OPERATION  OF  THE  ANALOG 
{AND  DIGITAL  CIRCUITRY.  NO  RECORDING  OR  PLATING  BACK  IS  PERFORMED.  THE 
{SAMPLED  INPUT  GOES  DIRECTLY  TO  THE  OUTPUT.  HENCE,  ONI  IS  ABLE  TO  CONNECT 
{THE  INPUT  AND  OUTPUT  TO  AN  OSCILLOSCOPE ,  FOR  EXAMPLE,  AND  DETERMINE 
{THE  ACCURACY  OF  BOTH  WAVEFORMS.  THE  ONLY  DISCREPANCY  THAT  MAT  BE 
{OBSERVED  WILL  BE  A  TIME  DELAY. 


1 
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S.D0I7 
A  , 0C3H 
INTVIC 
INTVEC  +1 
A  ,2FE 
0FB 
0CH 
A ,  00H 
00B 

A.0C0H 
00B 
A  ,eia 
01B 
A  ,00B 
01B 
A.01B 
02B 

A.ZC0S 
02B 
A.01B 
03H 
A,00B 
02H 
A  , S8H 
0BH 
A.S5B 
0BB 
A.eiH 
088 
A.2EH 
0FH 

A.0CBB 
A  ,040H 


D,f«ENO 

PRINT 

AGAIN 


PSX 

H 

D 

B 

A.04B 

0SB 

A.0C0H 


•LOADING  OF  THE  REGISTERS. 


i  C0N7ERT  AND  DISPLAT  INTERRUPT  RODTINE 


A , 040E 


;  ST AST  OF  SUBROUTINES 

» 

;THI  FOIICW I NG  SUBROUTINES  SST  THE  HARDWARE  TO  KNOWN  CONDITIONS  AND 
jPROVI DE  THE  CODE  FOR  PRINTING  OUT'MENUS  AND  MESSAGES  VIA  TEE  CONSOLE. 
JEVERTTIME  a  MESSAGE  IS  TO  3E  PRINTED,  THE  PRINT  ROUTINES  ARE  CALLED. 
JFVERTTINE  THE  USER  IS  REQUIRED  TO  INFUT  (OR  RECEIVED  AN  OUTPUT)  VIA 
JTHE  CONSOLE,  TEE  CONIN/CONCUT/CONST  SUBROUTINES  ARE  CALLED. 

I IMTHW  IS  THE  SUBROUTINE  THAT  IS  CALIED  TO  SET  ALL  THE  HARDWARE  TO  A 
iKNOWN  STATE. 

PRINT: 


CONOUT: 


ICHG 

NCV 

A.M 

CPI 

'$* 

HZ 

MOV 

C  ,  A 

IN 

CONSTAT 

AM 

01 

CPI 

01 

JNZ 

PRT2 

MCV 

A.C 

OUT 

CONDATA 

INI 

E 

JMP 

PRT1 

IN 

CONSTAT 

ANI 

02 

JZ 

CONIN 

IN 

CONDATA 

ANI 

7FH 

RET 

IN 

CONSTAT 

ANI 

01 

CFI 

ei 

JNZ 

CONOUT 

MCV 

A  ,C 

OUT 

CONDATA 

RET 
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CONSTAT 

02 


IN 
ANI 
HZ 

MVI  Af2FFH 
BET 
I 

INITHW :  i SET  8AREWARE  TO  KNOWN  STATE 

,•8251  UART 


MV  I 

A  ,0 

OUT 

CONSTAT 

CUT 

CONSTAT 

OUT 

CONSTAT 

MV  I 

A.40B 

OUT 

CONSTAT 

MV  I 

A.4EB 

OUT 

CONSTAT 

MVI 

A.37H 

OUT 

CONSTAT 

8255  PROGRAMMABLE  PERIPHERAL  INTERFACE. 

MVI  A  ,80  5 

OUT  PPICS 

mvi  A.eefl 

OUT  PPIPA 

NVI  A.0FFH 

OUT  PPIPB 

ZIRO  A  TO  D  STROBE 

MVI  A  ,48H 

SIM 

ZERO  E  TO  A  OUTPUT 

MVI  A.60H 

STA  DTOA 

8237  EMA 

MVI  A  ,0 

CUT  0DH 


! RF SIT  ALL  REGISTERS 


SIT  MODE  REGISTERS 


MTI 

A  ,  56H 

ODT 

0BH 

MV  I 

A,S5H 

COT 

0BH 

MV  I 

A ,  16H 

ODT 

0BH 

MV  I 

a.ibh 

OOT 

0BH 

SIT  COMMAND  REGISTER 


MV  I 

A.eiH 

ODT 

PET 

0fiH 

3ELAT  : 

LOOP1; 

MCV 

B.A  JDEIAT  A  TIMES  10MSEC 

^OOPZ: 

III 

D.ieee 

DCX 

D 

MOV 

A,D 

ORA 

E 

JNZ 

L00P2 

DCR 

B 

JNZ 

LOOP1 

RET 

THIS 

IS  THE 

MAIN  MEND  AND  CHCICI  OF  OPERATIONS  THAT 

1INU: 

DB 

CH.LF, 'SOLID  STATE  DATA  HECORDER  ' , CH , 

DE 

CR.II,  '0=  RESIT  STSTEM  ' 

DB 

CH.LF, '1=  SET  SAMPLI  RATI  ' 

EE 

CH,IF,'2«  INITIALIZE  EDBBLE  ' 

IB 

CR.LI.'J-  RECORD  INPDT  DATA  ' 

DB 

CR  ,LF,  '4=  PLATBACE  DATA  ' 

DE 

CR.II, '5=  DATA  ERROR  TEST  ' 

DB 

CH.LF,  '6  =  CLEAR  RAM  ' 

DB 

CR  .IF,  '7=  CONVERT  /  DISPIAT  ' 

DB 

CB ,IF , '$  ' 

CAN  BE  PERFORMED . 
LE 


THE  FOLLOWING  MESSAGES  ARE  SELF-EXPLAN ATOHT  AND  ARE  CALLED  THROUGHODT  THE 
PROGRAM  IN  CPDER  FOR  THE  STSTEM  TO  COMMUNICATE  WITB  THE  OPERATOR  VIA  THI 
CONSOLE. 


MSG1:  BE  CR  ,LF ,  'BAE  ENTRY  ,  TRY  AGAIN  1  '  .CR.IF,  '$  ' 

i 

MSG2:  EB  OR, IE, 'SIT  SAMP1I  RATI  '.CR.IF 

EE  CR  ,11,  '0-  500HZ  ' 

EB  CR  ,11,  '1=  1.0KHZ  ' 

EB  CR.IF,  '2*  2.5KHZ  ' 

EE  CR  ,1!  ,  '3«  5.0KHZ  ' 

EB  CR.IF, '$' 

MSG3:  EB  CR.IF, 'SPARE  '.CR.IF, '$' 

MSG4:  EB  CR.IF,  'OP-COMPIETE  '.CR.IF, '$' 

MSGS:  EE  CR.IF. 'OP-FAIIED  ', CR.IF, '$' 

MSG6:  EB  CR .IF , 'CHOOSE  BOBBIE  FOR  IN  IT IAIIZATION  '  ,CR .IF 

EB  CR.IF,  '0=  CIXAR  ' 

EB  CR.IF,  '1=  BUBBIE  1' 

EB  CR , I F ,  '2=  BOBEIF  2' 

EB  CR ,IF,  '3-  BOBBIE  3' 

EB  CR .IF,  '4=  BUBBIE  4' 

BE  CR ,11,  'e-  BOBBIE  5' 

EB  CR.IF, '$' 

MSG7 :  BE  CR  ,  IF  ,  'SPORIOOS  INTERRUPT  '.CR.IF,  '$  ' 

MSGS:  DB  CR.IF, 'TIME  OUT  ERROR  '.CR.IF, 

MSGS:  EB  CR.IF,  'SPARE', CR.IF , '$  ' 

MSG10 :  BE  '  CARES  ACTITI ' , CR , IF  ,  '$  ' 

MSG1 1 :  EB  CR.IF,  'SEIECT  TEST  MOBE  ' ,  CR.IF 

EB  CR.IF,  '0=  ENE  TEST  ' 

EB  CR  ,IF,  '1=  00000000  ' 

EE  CR ,IF ,  '2®  01010101  ' 

EB  CR  ,IF,  '3-  10iei010  ' 

EB  CR ,IF ,  '4=  11111111  ' 

BE  CR.IF, '$' 

CRIF:  EB  CR.IF, '$' 

» 

i THESE  ARE  THE  INITIAI  FAIOES  FOB  THE  PARAMETRIC  REGISTERS.  THEY  ARE 
ilOAEEE  INTO  RAM  INITIAIIY  SO  THAT  THERE  IS  A  CAPABIIITY  TO  CHANGE  THE 
;VAIOES  THROUGHTCUT  THE  OPERATION  OF  THE  RECOREER. 


TAEIFS:  EB 


01B  ,10H,20H,00H,00H 


JTEIS  SECTION  WAS  IINKED  ONTO  THE  MAIN  PROGRAM  AND  STORED  IN  THE  EPROM. 

; IT  IS  THIN  COPIEI  JROM  EPROM  INTO  THE  RAM  IN  ORDER  TO  HAVE  THE  CAPABILITY 
; TO  CHANGE  THE  PARAMETRIC  REGISTER  VALUES  DURING  A  RECORD  OR  PLAYBACK  OPERA¬ 
TION.  OBVIOUSLY,  TO  WORE  OUT  OE  THE  EPROM,  THE  VALUES  WOULD  NEVER  HAVE 
TEEN  ABLE  TO  31  CHANGED.  CONSEQUENTLY,  "TABLES"  CONTAINS  THE  INTITIAL 
JVALCES  BUT  TEE  RAM  COPT  IS  TEE  PART  THAT  CAN  BE  UPDATED  TO  REFLECT  CURRENT 
; VALUES. 

I 

ENTRY  TABLES ,2UB£ ,BUB1 , BUF2, 20 13 , 2UB4  .ENDTAB 
CSEG 

» 

;  SOLID  STATE  DATA  RECORDER  PROGRAM 

;  FCR  4-MEGABIT  BUBBLE  MEMCRY  BCARD 


STACK 

ECU 

0 

i 

PR1A00 

EQU 

0ED00H 

PRTA£1 

EOU 

0ED01H 

TPPICS 

ECU 

10H 

TPPIFA 

rcu 

11B 

TPPIP? 

EQU 

12H 

TPFIPC 

EOU 

13E 

TLSB 

EQU 

14H 

TMSBTM 

EQU 

1SH 

PFIPA 

EOU 

20B 

PPIPB 

EQU 

21 H 

PPIPC 

EQU 

22H 

PPICS 

EQU 

23H 

CONDATA 

EQU 

30H 

CONSTAT 

EQU 

31B 

ATCD 

EQU 

0C000H 

DTCA 

EQU 

cceeiH 

! 

CR 

EQU 

0DH 

LE 

ECU 

£AH 

BS 

EQU 

08  H 

PAGEe 

EQU 

0Ee00H 

PAGE1 

EQU 

0E100H 

RAM 

EQU 

eiveeB 

RAMTABL 

EQU 

RAM 

ATCDTMF 

EOU 

RAMTABL+100H 

DTOATMP 

i 

EQU 

ATODTMP+2 

MOVE  TABLE 


TABLES:  DB  01 H  ,  10H ,20H ,00H , 00H 

BUE0:  DB  01H  ,  10H  ,20H , 00H  , £0H 
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4-MEG  BUBBLE  DRIVERS 


THE  SCLFTWABE  BRIBERS  JOB  THE  BUBBLE  MEMORIES  ARE  SUPPLIED  BY  INTEL 
CORPORATION.  ULMONT  SMITH  WAS  THE  ORIGINAL  AUTHOR  OF  THE  DRIVERS  FOR  THE 
ONE  MEGABIT  DEVICE.  MOST  OF  THE  SAME  ONES  CAN  BE  USED  CN  THE  FOUR  MEGA¬ 
BIT,  HOWEVER,  CHANGES  NEEDED  TO  BE  INCORPORATED  IN  CEDI?  FOR  TEEM  TO 
PUN  THE  FOUR  MEGABIT  MEMORIES  WITHOUT  ERRORS.  ONE  OF  TEE  ADDITIONS  WAS 
THE  ADDITION  OF  THE  DRIVER  TO  WRITE  ALL  ONE'S  TO  THE  FIFO/BOOTLOOP  IN 
ORDER  TO  FORCE  THE  CONTROLLER  TC  UTIII2E  THE  EXTERNAL  DATA  ERROR  CHECKING. 
THE  OTHER  ADDITION  WAS  TEAT  OF  THE  BIOTMP  ROUTINE  SO  THAT  THE  DRIVERS  DIE 
NOT  HAVE  TO  BE  REPEATED  £  TIMES  (IN  THE  CASE  OF  THE  3SDR ,  24  TIMES.' 


EXTRN 

TABLES 

.BUBNUM .RDDTMP .WRDTMP .RDSTMP .WRCTMP 

ENTRY 

INBUBI 

.RDBUBL .WRBOBL 

f 

BTTCNT 

EQU 

2£6 

I I NTPAR 

INITIALIZES  THE 

PARAMETRIC  REGISTERS  OF  TEE  BUBBLES  . 

THESE 

imust  be 

LOADED  EACH  TIME  A  READ  OR  A  WRITE  OPERATION  IS  PERFORMED. 

;  NOTE: 

THIS 

DOES  DESTROY  THE  A,  F/FS 

INTPAR: 

PUSH 

B 

ISAVE  B-C  REGISTERS 

PUSH 

D 

i  SAVE  D-E  REGISTERS 

MV  I 

A.2BH 

JLOAD  a  REG  WITH  BLR  LSB  ADDRESS 

CALL 

WRCTMP 

MV  I 

E  , OSH 

I  INITIALIZE  LOOP  COUNTER 

LOAD: 

LDAX 

E 

HOAD  A  REG  FROM  B-C  REG  ADDRESS 

CALL 

WRDTMP 

I  NX 

B 

J INCREMENT  B-C  REGS  TC  THE  NEXT  ADDR 

IN  RAM 

DCR 

E 

IDECREMENT  LOOP  COUNTER 

JNZ 

ICAD 

!IF  NOT  ZERO,  JMP  ICAD 

POP 

D 

IRESTCRE  D-E  REGS 

POP 

B 

; RESTORE  B-C  REGS 

RET 

HESET 

7220  FIFO 

DATA  BUFFER 

!  NOTE: 

DESTROYS  A,  F/FS 

FIFORS : 

FUSH 

D 

ISAVE  D-I  REGS 

PUSH 

B 

ISAVE  B-C  REGS 

MV  I 

B.40H 

I LOAD  B  REG  OP-COMPLETE 

LX  I 

D  .liFFFFH 

I  INTI  ADI ZE  TI ME  CUT 

“VI 

A, IDE 

I LOAD  A  REG  RESET  COMMAND 

CALL 

WRCTMP 

BUSTFR  : 


CALL 

RLC 


RDSTMP 


ITIST  EOST  BIT*1 


w 


"I'A  .^1 Wl*.  'A..*.!*  'A  »j  '.* .”  T-'V 


II 


JC 

POLLER 

J IT  BUSY *1 , FOIL  STATUS  REG 

ECX 

r 

i EXCREMENT  TIME  OUT  LOOF 

XRA 

A 

I  CLEAR  A  REG 

CRA 

E 

JTEST  D-REG  =02B 

ORA 

E 

.'TEST  E-REG=0£o 

JNZ 

BUS  YFR 

!IF  NOT  0  CONTINUE  POLLING 

JMP 

RITIR 

iTIMI  OUT  ERROR 

POLLER  : 

CALL 

RESTMP 

XRA 

B 

;tist  status  =  40H 

JZ 

RETPH 

JIF  OP-CCMPLETE  JMP  RETF3 

DCX 

D 

(DECREMENT  TIME  OUT  LOOP 

XRA 

A 

J CLEAR  A 

ORA 

D 

iTEST  D-REG 

CPA 

E 

;test  e-seg 

JNZ 

POLLER 

JIF  NOT  e  CONTINUE  POLLING 

RETFR : 

POP 

B 

J RESTORE  B-C  RIG 

FOP 

D 

J RESTORE  D-F  REG 

JMP 

RESTMP 

jaeort 

MUST  EE 

PEREORMED 

WHIN  A  IUEBLE  IS  INITIALLY  TCENED  ON 

; before 

POWERING  DOWN  THE  EUBELE. 

NOTE: 

DESTROYS  A 

,  F/FS 

ABORT: 

FDSH 

D 

JSAVE  D-E  REGS 

FUSH 

B 

J  SAVE  E-C  REGS 

LXI 

D .0FFFFH 

JINIT  TIME  CUT  LOOP  COUNTER 

MVI 

B  ,40H 

JICAD  E  REG-  40H,  OP-COMPLETE 

MV  I 

A.1SB 

JLOAE  A  HEG=  ABORT  COMMAND 

CALL 

WRCTMP 

ECSYA: 

CALL 

RESTMP 

HLC 

i TEST  BUST  3IT=  1 

JC 

PCILA 

JIF  BUSY*  1,  FCII  STATUS  REG  FOR  40H 

DCX 

D 

J  EEC  TIME  OUT  LOOP  COUNTER 

XRA 

A 

J CLEAR  A  REG 

CRA 

D 

J  TEST  D  EEG=  00E 

CRA 

E 

J  TEST  E  BEG=  00E 

JNZ 

EOSTA 

JIF  NOT  0,  COM  POLLING  ABORT  COMMAND 

JMP 

RITA 

JTIME  OUT  ERROR  ,  RETURN 

POLLA: 

CALL 

RDSTMP 

IRA 

B 

JTIST  STATUS  =40H ,  OP-COMPLETE 

JZ 

RETA 

JIF  OP-CCMPLETE,  JMP  RETA 

ECX 

D 

J  EEC  TIME  OUT  LOOP  COUNTER 

XRA 

A 

JTEST  STATUS  FOR  OP-COMPLETE 

ORA 

D 

J  TEST  D  REG  FOR  0 

CRA 

E 

JTEST  I  REG  FCR  0 

JNZ 

POLLA 

JIF  NOT  0  CONTINUE  POLLING 

RETA: 

POP 

B 

J  RESTORE  B-C  REGS 

FCP 

E 

JRESTORI  E-E  REGS 

JMP 

RESTMP 

: 

A 


S 


81 


m'j 


■  --.a.  .  a.. 


,-v^ 


;WRITE  7224  FIFO  DATA  BUFFER  WITH  AIL  ONE'S.  THIS  PARTICULAR  DRIVER  EAD  TC 
;BE  WRITTEN  BECAUSE  THE  RECORDER  IS  USING  THE  4NEIT  DEVICES.  WITH  THE  FIRST 
;  IN  THE  SERIES  OF  4MBIT  BUBBLES,  THE  BOOTLOOP  HAD  TO  BE  REWRITTE N  lOR  AP PE AR 
!TC  PI)  BT  WRITING  all  ONE'S  TC  THE  FIFO.  TEEN  WHEN  THE  CONTROLLER  DOiS  A 
(COMPARE  AND  "SEES"  ALL  ONE 'S — THEREFORE ,  IT  INTERPRETS  THAT  AS  A  3U3BLE 
;WITH  AIL  LOOPS  ACTIVE — IT  GOES  CUT  AND  DOES  AN  EXTERNAL  DATA  ERROR  CHECK. 


J  EESTROTS  A, 
WREIFO ! 


INFIFC  : 


B 

D 

B.40B 
C  , 26H 
F IEOHS 
B 

EITWE 

A.0FFH 

WRDTMP 

C 

iniiio 


;FIIL  FIFO  WITH  ALL  CNF'S 


D 

B 

KDSTMP 


WRITE  7244  SCOT  LOOP  REGISTERS  WITH  ALL  ONE'S.  THIS  IS  THE  SECOND  HALF  CF 
THE  PROCESS  OF  FAKING  TEE  BUBBLE  INTO  BELIEVING  THE  BOOTLOOP  HAS  ALL  ONE  S 
AND  THEREFORE  MUST  DO  AN  EXTERNAL  DATA  ERROR  CHECK. 

DESTRCTS  A,  F/FS 


WRELRS  : 

PUSH  B 

FUSS  H 

"VI  B.41B 

MV  I  C.0FDH 

IXI  H  ,0 

CALL  WRFIFO 

ANA  C 

IRA  B 

JNZ  RETWBL 

DCR  B 

MV  I  A, 168 

CALL  WRCTMP 


BSYWEL  : 


JNZ 

BSYVBL 

JMP 

RETWBI 

POLWBL: 

CALL 

RDSTMP 

IRA 

B 

JZ 

RETWBI 

DCX 

H 

m  of 

A.B 

CRA 

L 

JNZ 

POLWBL 

RITWEL: 

POP 

H 

POP 

B 

JMP 

RDSTMP 

WRITE  BUBBLE  MEMORY  DATA  IS  THE  ROUTINE  USED  TC  PREPARE  THE  BUBBLE  FOR  A 
WRITE  OPERATION. 


DESTROYS  A,  F/ES 


WRBUBL: 

;  WRITE 

BUBBLE  DATA 

HIT 

PUSH 

H 

ISAYX  H-I  REG 

PUSH 

B 

I  SAVE  B-C  REG 

FUSH 

D 

CALL 

BIOTMP 

MV  I 

B.40H 

JLOAD  B  REG  OP-COMPLETE 

CALL 

FIFORS 

PRESET  FIFO 

IRA 

B 

■  TEST  FOE  OP-COMPLETE 

JNZ 

RETWR 

IIF  ERROR  JMP  RETWR 

POP 

B 

■RESTORE  B-C 

CALL 

INTPAR 

JLOAD  PARAMETRIC  REGS 

LII 

H.BYTCNT 

FUSH 

B 

JSA7E  B-C  REGS 

LII 

H.0FFFFH 

J INITIALIZE  TIME  OUT  LOOP 

LOCPWR: 

CALL 

RDSTMP 

RLC 

■  TEST  FOR  BUS Y=1 

JNC 

RETWR 

JIF  ZERO  JMP  RETWR 

DCI 

H 

■DECREMENT  TIME  OUT  LOOP 

IRA 

A 

J CLEAR  A  REG 

ORA 

H 

J  TEST  H-REG  FCR  0 

ORA 

L 

JTEST  L-HEG  FOR  0 

JNZ 

LOOPWR 

J  CONTINUE  POLLING 

RITWR : 

POP 

D 

POP 

E 

FCP 

H 

; RESTORE  H-L  REGS 

JMP 

RDSTMP 

READ  BUIELX  MEMORY  DATA  IS  THE  ROUTINE  USED  TO  PREPARE  THE  BUBBLE  FOR 
A  READ  OPERATION. 


IESTRCTS  A,  F/FS 


RD2DEL :  JREAD  BUBBLE  DATA 


LOOPED: 


HITRD : 


RET 

POSH 

H 

ft 

J  SAVE  H-I  REGS  { 

PUSE 

B 

J  SAVE  B-C  REGS  B 

FOSE 

D 

E 

CALL 

BIOTMP 

MVI 

B.40H 

JLOAD  B  REG  OF-COMPLETE 

CALL 

FIFORS 

JRESET  FITC 

IRA 

B 

JTEST  FOR  OF-COMPLETE 

JNZ 

RETHD 

JIT  NOT  ZERO  JMP  RETRD 

POP 

B 

JRESTOBE  B-C  REGS  > 

CALL 

INTPAR 

JLOAD  PARAMETBIC  REGS  ■ 

LII 

H.SYTCNT 

1 

POSE 

B 

J  SAVE  B-C  REGS  ? 

LII 

H.2FFTFH 

J INITIALIZE  TIME  OUT  LOOP 

CALL 

RDSTMP 

- 

BLC 

JTEST  FOB  BOSY=l 

JNC 

RETHD 

J IF  ZERO  .NOT  BUST,  JMP  RETRD 

DCI 

H 

J EFCREMEM  TIME  OUT  LOOP  ■ 

XBA 

A 

J CLEAR  A  REG  1 

ORA 

H 

JTEST  H  REG=0 

ORA 

L 

J TES T  L  REG=0 

JNZ 

LOCPRD 

J  CONTINUE  PCIIING  > 

POP 

D 

* 

POP 

B 

► 

POP 

H 

JRESTORI  H-I  REGS  I 

JMP 

RDSTMP 

INITIALIZE  TEE  BOBBLE  MOST  BE  PERFORMED  EVERTTIME  THE  BOBBLE  IS  TO  BE 
WRITTEN  TO  OR  READ  FROM.  IT  SETS  OP  THE  BUBBLE  INTO  A  INOWN  STATE. 

LESTROTS  A,  F/FS 


INEOBL : 


BOSTIN : 


D 

B 

BIOTMP 

B.40H 

ABORT 

B 

RETIN 

B 

INTPAR 

B 

B.40B 
D .ZFFFFH 
A.11H 
WRCTMP 

RDSTMP 


J  LOAD  B  REG  OP-COMPLETE 
! CALL  ABORT  COMMAND 
ITEST  FOR  OP-COMPLETS 
JIT  ZERO  CP-COMPLETE 
JADDRESS  OF  PARAMETRIC  REGS 
JLOAD  PARAMETRIC  REGS 
i  SAVE  B-C  REGS 
JIOAD  B  REG  OF-COMPLETE 
J INITIALIZE  TIME  OUT  LOOP 
JLOAD  A  REG  INIT  COMMAND 


.  - 


84 


RLC 

i DECREMENT  TIME  OOT  LOOP 

JC 

POLLIN 

;  IT  BUST  =  1  POLL  FOR  40E 

DCX 

D 

I  DECREMENT  TIM  OUT  LCCP 

XEA 

A 

i CLEAR  'A  REG 

ORA 

D 

tTIST  D  REG  FOR  0 

CRA 

E 

;test  e  rig  for  a 

JNZ 

BUSTIN 

; IF  NOT  e  CONTINUE  POLLING 

JMP 

RETIN 

iTIME  OUT  ERROR,  RETURN 

PCLLIN : 

CALL 

HDSTMP 

XHA 

B 

» TEST  FOE  OP-COMPLETE 

JZ 

EARJIX 

DCX 

E 

I  DECREMENT  TIME  OUT  LOOP 

XHA 

A 

;  CLEAR  A  REG 

CRA 

D 

;TIST  D  REG  FCR  0 

ORA 

E 

ITEST  S  REG  FCR  0 

JNZ 

POLLIN 

; IF  NOT  0  CONTINUE  POLLING 

EAEFIX  : 

CALL 

WRBLRS 

HITIN: 

FCP 

B 

POP 

D 

JMP 

RDSTMP 

* 

JBIOTMP  AND  ITS  SUBSEQUENT  ROUTINES  SIT  OP  THI  POINTERS  SO  THAT  THE  HOBBLE 
I  DRIVERS  DON'T  HAVE  TO  BE  DUPLICATED  FIVE  TIMES  (IN  THI  CASE  OF  THE  SSDR 
JTWENTT-FCUR  TIMES.  IT  POTS  THE  PROPER  ADDRESS  IN  ALL  THE  REGISTERS  THAT 
JARE  OSIE  DURING  A  READ/HRITE  TO  A  BUBBLE. 

BIOTMP:  ; BUBBLE  10  TMP  LOADER 
FUSH  E 

PUSH  D 

LHLD  BUENUM 

LXI  D.e 

XCHG 

DAD  D 

DAD  H 

DAD  D 

XCHG 

M VI  A,eC3H  IJMP  OP  CODE 

LXI  H.RDBUBD 

DAD  D 

STA  RDDTMP 

SHLD  RDDTMP+1 

LXI  H.iIBBUBD 

DAD  D 

STA  WRDTMP 

SHLD  VRETMP+1 

LXI  H  .REBOBS 

DAD  D 

STA  RDSTMP 

SHLD  RDSTMP+1 

LXI  H.URBUBC 

DAD  D 

STA  WRCTMP 


SELD  WRCTMP+1 

PCF  D 

FCP  E 

HET 


HDBUB D  IE  THE  ADERESS  SCPPIIEE  TO  RDDTNP  WHEN  READING  THE  3UBBLE  DATA. 
IT  SUPPLIES  THE  ADDRESS  OE  THE  ACTIVE  BUBBLE. 


RDBUBE: 

IN 

80H 

J BUBBLE 

CNE 

RET 

IN 

82B 

{BUBBLE 

TWO 

RET 

IN 

848 

{BUBBLE 

THREE 

RET 

IN 

86H 

{BUBBLE 

FOUR 

RET 

IN 

88H 

{BUBBLE 

FIVE 

HET 

WEBDBD  IS  THE  ADERESS  SUPPLIED  TO  WRDTNP  DURING  A  WRITE  OPERATION. 
IT  SUPPLIES  THE  ADDRESS  OF  THE  ACTIVE  BUBBLE. 


WREUBD : 

CUT 

RET 

80  fl 

{BUBBLE 

ONE 

OUT 

HET 

82H 

{BUBBLE 

TWO 

CUT 

RET 

84  E 

{BUBBLE 

THREE 

OUT 

RET 

e6H 

{BUBBLE 

FOUR 

OUT 

RET 

880 

{BUBBLE 

FIVE 

{  RIB  UBS 
{ACTIVE 

SUPPIIES 

EUBBLE. 

I  THI 

ADDRESS  TO 

EDSTMP  DURING  A  STATUS  CHECK  OF  TEE 

RDEUBS: 

IN 

RET 

SIR 

{BUBBLE 

CNE 

IN 

RET 

82B 

{BUBBLE 

TWO 

IN 

RET 

65H 

.'BUEBLE 

THREE 

IN 

RET 

87H 

{BUBBLE 

FOUR 

IN 

RET 

8SB 

{BUBBLE 

FIVE 

>  WRBOBC  SUPPIIES  TBI  ADDRESS  OF  TEE  ACTIVE  BUBBLE  TO  WRC1MP.  THEN  WHEN 
iTHE  COMMAND  REGISTERS  NEED  TO  BE  WRITTEN  TO  TEE  CORRECT  BUBBLE  IS 
{ADDRESSED. 


«v» 


avloads , 
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